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Abstract 

The  United  States  Air  Force  (USAF)  is  currently  experiencing  a  period  of  high 
operations  tempo  and  overseas  deployments  have  become  frequent.  These  deployments 
will  leave  home  installations  short  manned.  Some  amount  of  risk  is  incurred  by  the  home 
installation  as  a  result  of  the  short  manning.  For  an  organization,  such  as  an  USAF  Fire 
and  Emergency  Services  (FES)  flight,  whose  primary  responsibility  is  the  protection  of 
life  and  property,  the  incurred  risk  could  be  catastrophic.  Still  no  attempt  has  been  made 
to  quantify  risk  in  terms  of  manpower  for  USAF  FES  flights. 

The  primary  purpose  of  this  research  was  to  develop  and  validate  a  methodology 
to  quantify  risk  in  terms  of  manpower  for  FES  flights.  This  research  develops  a  decision 
tool  to  provide  insight  to  FES  Fire  Chiefs  on  the  risk  associated  with  specific  manpower 
decisions.  The  methodology  was  validated  using  data  from  Dyess  Air  Force  Base  FES 
flight.  A  secondary  goal  of  the  research  was  to  detennine  a  cost/benefit  relationship 
between  the  risk  level  and  the  cost  to  backfill  deployed  firefighter  positions  with  contract 
labor.  The  result  was  a  decision  tree  model  and  pareto  optimal  graphs  for  the  risk  to 
manpower  level  and  the  cost/benefit  relationship. 


IV 


AFIT/GEM/ENS/07-02 


Dedicated  to  mom  and  dad  who  have  always  been  my  heroes  and  my  role  models 


v 


Acknowledgments 


I  would  first  like  to  thank  my  thesis  advisor.  Major  Shane  Knighton,  whose 
knowledge  and  continual  support  was  invaluable  to  this  research.  I  would  also  like  to 
express  my  gratitude  to  Dr.  Thai  and  Major  West  for  sharing  there  insights  and 
experience. 

I  would  like  to  extend  my  appreciation  and  thanks  to  the  subject  matter  experts 
who  took  hours  out  of  their  already  busy  days  to  assist  me  in  this  research.  I  am  forever 
indebted  to  the  firefighters  of  the  Dyess  Air  Force  Base  Fire  and  Emergency  Services 
flight,  especially  Chief  Jones  and  MSgt  Brown,  who  spent  countless  hours  providing 
expertise  and  assisting  with  data  collection.  Additionally,  I  would  like  to  thank  Mr.  Lisa 
who  battled  through  the  frustrations  of  running  searches  on  a  20  year  old  database  and 
Mr.  Brigham  who  manually  searched  and  compiled  HAZMAT  invoice  statements.  I 
would  also  like  to  thank  Mr.  Warner  and  CMSgt  Rivera  at  the  Air  Force  Civil 
Engineering  Support  Agency  for  suggesting  the  topic,  sponsoring  the  research,  and 
providing  expertise  and  access  to  references  and  databases. 

I  would  like  to  extend  a  very  special  thank  you  to  my  parents,  family,  and  friends. 
Without  their  moral  support,  proof  reading  skills,  and  other  selfless  acts,  this  thesis  would 
not  have  been  possible.  Thank  you  for  always  being  there. 


Timothy  (Damon)  Dalby 


Table  of  Contents 


Page 

Abstract  . iv 

Acknowledgements  . vi 

Table  of  Contents  . vii 

List  of  Figures  . x 

List  of  Tables  . xi 

I.  Introduction  . 1 

Background . 1 

Problem  Statement . 5 

Research  Objectives  and  Questions . 7 

Methodology . 7 

Significance  to  the  Air  Force . 8 

Summary  of  the  Remaining  Document . 8 

II .  Literature  Review . 10 

Introduction . 10 

Background  on  Risk . 10 

Risk  Analysis  and  Management . 12 

Determining  Risk  Scenarios . 13 

Determining  Likelihood . 15 

Determining  Consequences . 17 

Modeling  Techniques . 17 

Decision  Analysis . 19 

Influence  Diagrams . 2 1 

Decision  Tree . 22 

Decision  Tree  Analysis . 24 

Single  Dimension  Value  Function  (SDVF) . 25 

Additive  Value  Function . 25 

Value  of  Information . 26 

Sensitivity  Analysis . 26 

Utility . 27 

Decision  Tree  Models  in  Literature . 28 

Manpower  in  Literature . 33 

Summary . 35 

III.  Methodology . 36 


vii 


Page 

Introduction . 36 

General  Approach . 37 

Problem . 38 

Model  Technique . 38 

Alternatives . 40 

Risk  Scenarios . 43 

Consequences . 47 

Cost/Benefit  Consequence . 50 

Likelihood . 52 

Decision  Models . 54 

Influence  Diagrams . 54 

Decision  Tree  Models . 55 

Decision  Rules . 58 

Sensitivity  Analysis . 58 

Summary . 58 

IV.  Results  and  Analysis . 59 

Introduction . 59 

Data  Collection . 59 

Manpower  Risk  Factors . 59 

Likelihood  Data . 62 

Total  Cost  (TC)  Consequence  Data  100  Percent  Manpower  Levels . 63 

Response  Cost . 64 

Material  Cost . 65 

Loss  of  Life  (LOL)  Consequence  Data  100  Percent  Manpower  Levels . 66 

Consequences  for  Remaining  Manpower  Levels . 68 

Using  the  Single  Dimension  Value  Function  (SDVF) . 68 

Additive  Value  Function  Weights . 70 

Determining  a  Single  Consequence  Value  (Xc) . 71 

Model . 71 

Results . 74 

Cost/Benefit  Analysis . 77 

Sensitivity  Analysis . 82 

Discussion  of  Results . 84 

Summary . 85 

V.  Conclusion . 86 

Background . 86 

Analyzing  USAF  Assumptions . 88 

One  Major  Event  Assumption . 88 

FES  Flights  Manpower  is  Detennined  by  Aircraft  Emergencies . 89 


viii 


Page 

Matrix  Relating  Manpower  to  Impact . 89 

Strengths  and  Limitations  of  Research . 90 

Areas  of  Future  Research . 91 

Summary . 92 

Appendix  A.  Categorized  ACES-FD  Response  Data . 93 

Appendix  B.  ACES-FD  2006  HAZMAT  Response  Data . 98 

Appendix  C.  20  Percent  Normal  Absence  Consequence  Data . 99 

Appendix  D.  20  Percent  Normal  Absence  Single  [ v(XC)\  Consequence  Data . 103 

Appendix  E.  Cost/Benefit  Data . 131 

Bibliography . 132 

Vita . 138 


List  of  Figures 


Figure  Page 

2. 1  Decision  Analysis  Process . 20 

2.2  Nine  Rules  of  Contingent  Risk  and  Decision  Analysis . 3 1 

3.1  Model  of  the  Approach  and  Methodology . 37 

3.2  Decision  Tree  Example . 39 

3.3  Decision  Tree  for  Manpower  Level . 43 

3.4  Influence  Diagram . 54 

3.5  Aircraft  and  Structural  Risk  Sub-Category  Tree . 56 

3.6  HAZMAT  and  “Other”  Risk  Sub-Category  Tree . 57 

4.1  Aircraft  and  Structural  Sub-Category  Tree  (10%  ML  and  wtc=0.50) . 72 

4.2  HAZMAT  and  “Other”  Sub-Category  Tree  (10%  ML  and  wtc=0.50) . 73 

4 . 3  ERM  ’  s  for  V ary ing  wtc  V alues . 76 

4.4  Pareto  Optimal  Graph  for  10%  manpower  Available . 79 

4.5  Pareto  Optimal  Graph  for  20%  manpower  Available . 79 

4.6  Pareto  Optimal  Graph  for  30%  manpower  Available . 80 

4.7  Pareto  Optimal  Graph  for  40%  manpower  Available . 80 

4.8  Pareto  Optimal  Graph  for  50%  manpower  Available . 81 

4.9  Pareto  Optimal  Graph  for  60%  manpower  Available . 81 


x 


List  of  Tables 


Table  Page 

1 . 1  ACC  Matrix  Relating  Manpower  Level  to  Impact . 6 

3 . 1  Manpower  Distribution  Chart  1 0  Percent  Normal  Absence . 42 

3.2  Manpower  Distribution  Chart  20  Percent  Normal  Absence . 42 

3.3  FES  Responsibility  List . 44 

3.4  Top  Three  FES  Responsibilities  with  Regards  to  Manpower . 45 

3.5  Risk  Category  Definition . 45 

3.6  Secondary  Category  Definitions  . 46 

3.7  Cost  Breakdown/Contracted  Employee  per  Deployment . 5 1 

4.1  Manpower  Risk  Factor  Data  for  10%  Nonnal  Absence . 61 

4.2  Manpower  Risk  Factor  Data  for  20%  Nonnal  Absence . 61 

4.3  Summary  of  ACES-FD  Number  of  Responses  Data . 62 

4.4  Summary  of  the  Poisson  Distribution  Likelihood  Data . 63 

4.5  Summary  of  ACES-FD  Response  Cost  Data . 64 

4.6  Material  Cost  Summary . 65 

4.7  Loss  of  Life  from  the  Naval  Safety  Center . 67 

4.8  Loss  of  Life  Data  Calculating  the  “Other”  Category . 67 

4.9  Consequence  Data  for  100%  Manpower  Level . 68 

4.10  Sample  of  Additive  Value  Function  and  SDVF  for  10%  ML  and  wxc=0.50  ...70 

4.11  ERM’s  for  Varying  wxc  Values . 75 

4. 12  Increase  in  ERM  Between  ML  for  Varying  wjc’s . 77 


xi 


QUANTIFICATION  OF  RISK  FOR  USAF  FIRE  AND  EMERGENCY  SERVICES 


FLIGHTS  AS  A  RESULT  OF  SHORTAGES  IN  MANPOWER 


I.  Introduction 


Background 

Emergency  services  play  a  vital  role  in  the  safety  of  a  community  as  the  first 
responders  to  emergency  or  potential  emergency  events.  In  this  role  of  first  responders, 
emergency  services  personnel  are  expected  to  maintain  a  certain  level  of  public  safety 
and  minimize  the  material  costs  of  an  incident.  Each  day  emergency  services’  decision 
makers  are  faced  with  manpower  decisions.  Most  of  these  manpower  decisions  are 
intended  to  minimize  cost  while  keeping  risk  at  an  acceptable  level.  This  decision  can  be 
made  tougher  by  manpower  absences,  both  scheduled  and  unscheduled,  because  the  role 
first  responders  serve  for  the  community  still  exists.  United  States  Air  Force  (USAF) 
Fire  and  Emergency  Services  (FES)  flights  have  the  same  manpower  concerns  as  civilian 
emergency  services,  but  they  are  also  faced  with  some  manpower  concerns  unique  to 
military  organizations.  One  unique  concern  is  supporting  worldwide  deployments. 

These  deployments  may  be  known  in  advance  or  may  come  with  little  warning. 
Deployments  can  create  tough  manpower  decisions  for  USAF  fire  chiefs  and  leadership. 

In  most  municipalities  there  are  three  main  services  first  responders  provide. 
These  services  are  fire  department,  police  department  and  emergency  medical  services. 
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The  New  York  Police  Department  (2007)  defines  its  mission  as  “to  enhance  the  quality  of 

life  in  our  City  by  working  in  partnership  with  the  community  and  in  accordance  with 

constitutional  rights  to  enforce  the  laws,  preserve  the  peace,  reduce  fear,  and  provide  for 

a  safe  environment.”  Brotcorne  et  al.  (2003)  defined  emergency  medical  services  as 

providing  emergency  medical  treatment  or  paramedics  for  a  variety  of  medical  situations. 

Webster  (2007)  provides  a  basic  definition  of  a  fire  department  as  “an  organization  for 

preventing  or  extinguishing  fires.”  However,  in  many  cases  the  role  of  the  fire 

department  is  much  greater  than  that  definition.  The  USAF,  in  Air  Force  Instruction 

(AFI)  32-2001  (1999),  defines  the  mission  of  an  FES  flight  to  be: 

The  mission  of  Air  Force  Fire  Protection  is  to  provide  fire  and  emergency 
services  to  prevent  and  minimize  losses  to  Air  Force  lives,  property,  and 
the  environment  occurring  in  periods  of  peace,  war,  military  operations 
other- than- war,  and  humanitarian  support  operations.  These  include  both 
man-made  and  natural  incidents  requiring  fire  protection,  rescue, 
hazardous  material,  and  emergency  medical  responses 

The  USAF  definition  is  similar  to  other  fire  department  definitions.  This  definition 

creates  a  situation  where  the  fire  department  is  a  responder  to  almost  all  emergency 

responses  outside  of  normal  law  enforcement  responses.  As  of  late,  emergency  services 

have  been  tested  even  more  with  monumental  natural  disasters  and  a  growing  population. 

In  addition,  emergency  services  have  seen  their  responsibilities  increase  as  the  emphasis 

on  homeland  security  increases.  The  Fire  Reshaping  Conference  (2006)  suggested  the 

final  sentence  of  the  mission  be  changed  to: 

Included  are  both  man-made  and  natural  incidents;  fire  suppression  or 
hazard  mitigation;  rescue;  mitigation  or  containment  of  releases  of 
hazardous  materials,  such  as  chemical,  biological,  radiological,  nuclear,  or 
explosive  (CBRNE)  agents,  resulting  from  industrial  accidents,  terrorism, 
or  weapons  of  mass  destruction  (WMD);  and  emergency  medical 
services... 
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In  addition  to  having  the  same  problems  as  the  municipalities,  FES  flights  also  have 
responsibilities  to  the  Global  War  on  Terror  and  other  USAF  overseas  operations. 

The  USAF  experiences  a  continual  cycle  of  overseas  deployments  as  part  of  the 
Air  and  Space  Expeditionary  Force  (AEF).  Jumper  (2005)  states  the  AEF  consists  of  ten 
combat  units  that  are  deployed  for  120  days  every  20  months.  The  AEF  cycle 
temporarily  relocates  airmen  from  their  home  installations  to  forward  operating  bases. 
However,  some  specific  units  or  entire  combat  units  may  be  required  to  deploy  longer 
than  120  days  or  more  frequently  than  every  20  months  (Jumper,  2005).  The  AEF  cycle 
can  lead  to  a  manpower  shortage  at  home  installations,  creating  an  increased  risk  to  the 
home  installation’s  mission.  The  effect  on  the  mission  is  particularly  evident  when 
analyzing  public  safety  flights  such  as  USAF  FES  flights.  FES  flights  are  still  required  to 
maintain  adequate  home  installation  coverage  to  sustain  the  mission  throughout  the 
deployment. 

Air  Force  Manpower  Standard  (AFMS)  44EF  (1996)  currently  governs  the 
manpower  level  in  FES  flights.  The  standard  creates  a  baseline  FES  manpower  standard 
package  which  is  defined  for  manpower  and  equipment.  The  FES  manpower  baseline  is 
55  firefighters  with  the  exception  of  six  bases  with  special  or  reduced  responsibilities. 
According  to  AFI  32-2001  (1999),  manpower  levels  are  to  be  based  on  the  assumption 
that  only  one  major  aircraft,  structural,  or  hazardous  material  incident  will  occur 
simultaneously.  AFMS  44EF  (1996)  was  established  to  provide  enough  manpower  to 
support  wartime  and  peacetime,  however,  manpower  is  not  adjusted  based  on  the  actual 
manpower  deployment  rates  at  an  installation. 
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AFMS  44EF  (1996)  states  manpower  and  equipment  will  be  either  added  or  subtracted  in 
accordance  with  the  following  items: 

1 .  Fire  Flow  Demand  (In  intervals  of  3,000  gallons  per  minute  demand) 

2.  Minimum  Response  Times  Cannot  be  Met 

3.  Installations  with  Permanently  Assigned  Large  Aircraft  (Over  175  feet  in 
Length) 

4.  Installations  with  Auxiliary  Flying  Fields 

5.  Installations  with  Gunnery/Bomb  Range  or  Offsite  Weapon  Storage 

6.  Installations  without  Flying  Missions 

7.  Installations  with  Large  Land  Areas  are  Authorized  Additional  Fire  Inspectors 
Note:  Major  Commands  (MAJCOM)  can  request  additional  firefighters  if  they  detennine 
there  is  a  large  enough  presence  of  aircraft  not  pennanently  assigned  to  the  installation  to 
require  such  an  action. 

In  order  to  keep  the  home  installation  mission  operational  during  times  of 
deployments,  FES  flights  are  requiring  personnel  to  work  overtime  and/or  hiring 
contractors  to  backfill  the  shortfalls.  This  can  be  at  great  expense  with  civilian  overtime 
or  contractor  labor  and  lead  to  retention  problems  and  lowered  morale  for  the  military 
firefighters  (FES  Reshaping  Conference,  2006).  However,  understaffing  an  FES  shift  can 
also  have  negative  consequences.  Understaffing  can  cause  loss  of  life  or  property  and 
ultimately  result  in  either  mission  failure  or  stoppage.  Because  of  the  severity  of  the 
consequences,  it  is  important  to  understand  the  risk  created  to  a  base  prior  to  deployment 
of  its  ainnen. 
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During  times  of  short  manning,  FES  fire  chiefs  are  required  to  develop  an 
installation  commander-approved  risk  assessment.  AFI  32-201  (1999)  states  a  risk 
assessment  is  necessary  when  an  FES  flight  does  not  meet  Department  of  Defense,  Air 
Force,  Occupational  Safety  and  Health  Administration  (OSHA),  or  National  Fire 
Protection  Association  (NFPA)  standards.  AFI  90-901  (2000),  Air  Force  Pamphlet 
(AFP AM)  90-902  (2000),  and  Air  Force  Policy  Directive  (AFPD)  90-9  (2000)  give  basic 
guidance  on  operational  risk  assessments,  but  these  do  not  limit  the  subjectivity  of  the 
analysis.  In  addition,  a  matrix  developed  by  Air  Combat  Command  (ACC),  relates 
manpower  level  to  impact.  However,  this  matrix,  depicted  in  Table  1.1,  is  not  installation 
specific  and  may  not  be  applicable  to  deployment  situations. 

Problem  Statement 

This  research  developed  the  methodology  for  a  decision  tool  to  allow  FES  fire 
chiefs  to  quantitatively  analyze  the  risk  associated  with  manpower  shortage  situations 
caused  by  deployments.  Existing  risk  assessment  methodology  was  modified  as 
necessary  to  assess  the  risks  at  different  manpower  levels.  In  addition  to  quantitatively 
comparing  risk,  the  cost/benefit  associated  with  the  manpower  levels  was  analyzed.  In 
the  process,  a  collectively  exhausted  list  of  risk  scenarios  and  their  associated  likelihood 
and  consequence  will  be  developed.  USAF  installations  have  a  unique  mission  and 
therefore,  may  have  a  unique  set  of  risks.  Because  of  the  unique  set  a  risks,  a  specific 
location,  Dyess  Air  Force  Base  (AFB),  was  chosen  to  validate  the  model. 
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Table  1.1:  ACC  Matrix  Relating  Manpower  Level  to  Impact  (Kennedy,  2007) 


Home-Station  Staffing  and  Capability  During  Deployment 

STAFFING  % 

IMPACTS 

100% 

Fire  Department  is  fully  staffed-fully  capable 

95% 

FIRE  DEPARTMENT  IMPACT:  Begin  draw  down  of 

90% 

FULLY 

CAPABLE 

management  positions.  Shift  personnel  will  begin  to  perform  duties 
assigned  to  now  vacant  positions.  EMERGENCY  SCENE 

IMPACT :  Reasonable  expectation  firefighting  forces  will  be 
successful  at  performing  aircraft  fire/rescue,  structural  response, 
emergency  medical  support,  hazmat  operations,  Homeland  Defense 
(HLD)  requirements  and  other  related  functions. 

85% 

INCREASED 

RISK 

FIRE  DEPARTMENT  IMPACT:  Further  draw  down  of 
management.  Essential  management  functions  such  as  fire 
prevention/public  education  and  training  are  curtailed.  Management 
of  fire  protection  flight  functions  begins  to  suffer  without  full  time 
staff.  Staffing  variances  are  eliminated  resulting  in  cross  manning  of 
vehicles.  Reduce  staffing  assigned  to  each  vehicle.  Reduce  staffing 
or  completely  close  auxiliary  flying  fields  and  outlying  fire  stations. 
Firefighters  work  additional  hours  and  leave  begins  to  be  affected. 
EMERGENCY  SCENE  IMPACT:  Interior/exterior  rescue  or  fire 
suppression  capability  is  severely  limited.  Firefighting  forces  can  still 
be  expected  to  fight  and  control  exterior  fires.  Firefighter  safety  is 
impacted,  attempted  rescue  of  trapped  personnel  severely  endangers 
rescuers.  Crew  rehabilitation  and  firefighting  re-supply  capabilities 
are  limited,  sustained  operations  capability  is  restricted.  HLD 
capability  is  limited. 

75% 

SEVERE  RISK 

IMPACT:  Response  capability  is  severely  impacted;  firefighter 
safety  is  at  a  higher  level  or  risk.  Long-tenn  impacts  are  significant 

70% 

CRITICAL 

RISK 

FIRE  DEPARTMENT  IMPACT:  Firefighters  can  expect  to  work 
extra  hours  and  have  all  leave  cancelled.  To  keep  all  available 
firefighters  on  vehicles,  all  mandatory  appointments  must  be 

65% 

conducted  off  duty.  Individual  workloads  increase  greatly  to  cover 
responsibilities  of  vacant  management  positions.  Morale  is  greatly 

60% 

affected  by  loss  of  leave,  increased  workload,  and  off  duty 
appointments.  EMERGENCY  SCENE  IMPACT:  Single  event 
limited  response  capability;  flying  activities  may  be  limited  or 
curtailed.  Only  limited  exterior  fire  suppression  can  be  performed. 
Responses  will  be  significantly  delayed.  Rescue  of  trapped  personnel 
should  not  be  expected.  HLD  capability  is  inadequate 
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Research  Objectives  and  Questions 

Currently,  when  an  FES  flight  has  a  manpower  shortfall,  the  responsibility  of 
determining  the  proper  manpower  level  falls  on  the  fire  chief,  the  fire  marshal,  and  the 
installation  commander.  The  primary  objective  of  this  research  was  to  create  a 
methodology  for  a  decision  tool,  using  both  historical  data  and  qualitative  expert  opinion, 
which  allows  fire  chiefs  to  quantitatively  represent  the  change  in  risk  in  terms  of 
manpower  levels.  The  intention  was  not  to  create  a  model  that  recommends  a  solution, 
but  rather  provide  a  series  of  pareto  optimal  graphs  for  risk  and  cost/benefit,  that  provide 
insight  and  support  to  fire  chiefs.  Although  the  methodology  was  tested  at  Dyess  AFB, 
the  objective  is  to  create  a  methodology  that  is  applicable  to  the  all  USAF  FES  flights.  In 
the  process  of  validating  the  model,  the  accuracy  of  some  USAF  assumptions  about 
manpower  were  examined. 

Methodology 

The  primary  research  objective  was  to  create  a  methodology  for  a  risk-based 
decision  tool  for  fire  chiefs.  In  order  to  develop  this  methodology,  certain  steps  were 
followed.  The  first  step  was  to  use  historical  and  qualitative  data  to  perform  a  risk 
assessment  in  accordance  with  Kaplan  and  Garrick  (1981)  and  other  available  literature. 
The  risk  will  then  be  aggregated  for  each  manpower  level  and  a  series  of  pareto  optimal 
graphs  will  be  created.  The  second  step  was  to  determine  the  cost  associated  with  the 
manpower  levels  and  graph  the  cost/benefit  relationship.  The  third  step  was  to  perform 
sensitivity  analysis  to  determine  the  effect  changes  in  uncertain  values  had  on  the 
analysis.  The  final  step  was  to  compare  results  with  those  of  the  manpower  standards  and 
assumptions. 
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This  methodology  was  chosen  for  various  reasons.  The  results  must  serve  as  a  quick 
reference  for  fire  chiefs.  Deployments  can  occur  with  very  little  warning  and  there  may 
not  be  the  time  to  complete  a  complex  risk  analysis.  The  results  must  be  presented  in  a 
manner  that  is  not  only  operable  to  fire  chiefs,  but  can  be  understood  by  fire  marshals  and 
installation  commanders.  FES  manpower  decisions  are  made  by  these  three  people  and 
therefore,  the  results  need  to  be  operable  to  all  of  them.  The  final  reason  these  steps  were 
chosen  is  it  simplifies  the  problem  without  sacrificing  the  validity.  This  allows  the 
analysis  to  be  accomplished  using  data  and  expertise  readily  available  to  installation  Fire 
Chiefs. 

Significance  to  the  Air  Force 

This  study  will  help  Fire  Chiefs  better  quantify  risk.  It  will  also  help  USAF  decision 
makers  (DM)  choose  deployment  manpower  strategies  based  on  cost/benefit  analysis.  In 
deployment  situations,  FES  flights  are  asked  to  keep  the  same  level  of  coverage  with  less 
manpower.  This  methodology  will  allow  leadership  to  reference  a  document  that 
quantitatively  compares  risk  and  the  cost/benefit  relationship  associated  with  manpower 
decision.  Ultimately  the  results  will  help  leadership  manage  costs  while  avoiding 
unnecessary  risks. 

Summary  of  Remaining  Document 

Emergency  services  are  faced  with  tough  manpower  decisions  on  a  daily  basis. 
USAF  FES  flights  face  these  same  tough  decisions,  but  also  have  to  be  concerned  with 
manpower  shortages  created  by  deployments.  Their  decision  attempts  to  balance  cost 
with  risk.  This  research  developed  a  methodology  to  quantitatively  analyze  the  risk  and 
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the  cost/benefit  of  the  decision.  The  test  case  for  this  methodology  was  the  FES  flight  at 
Dyess  AFB. 

This  document  has  four  remaining  chapters.  Chapter  2  is  a  literature  review,  which 
will  discuss  the  main  concepts  and  previous  uses  in  the  literature.  Chapter  3  discusses  the 
methodology  and  model  used  to  determine  the  risk  and  cost  associated  with  a  shortage  of 
manpower  in  a  FES  flights.  Chapter  4  applies  and  tests  the  methodology  discussed  in 
Chapter  3  on  the  Dyess  AFB  test  case.  Chapter  5  discusses  the  results  of  the  Dyess  AFB 
case,  shortfalls,  and  areas  of  future  research. 
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II.  Literature  Review 


Introduction 

The  United  States  Air  Force  (USAF)  calls  risk  analysis  and  management, 
Operational  Risk  Management  (ORM).  The  purpose  of  ORM  is  to  increase  the  ability  of 
the  USAF  to  carry  out  the  mission  in  both  peacetime  and  wartime  (AFPD  90-9,  2000). 
“The  four  guiding  principles  of  ORM  are:  1)  accept  no  unnecessary  risk,  2)  make  risk 
decisions  at  the  appropriate  level,  3)  accept  risk  when  benefits  outweigh  the  costs,  and  4) 
integrate  ORM  into  operations  and  planning  at  all  levels.”  (AFPD  90-9,  2000:1)  The 
purpose  of  this  chapter  is  to  provide  literature  background  on  the  areas  pertinent  to  risk 
analysis  and  management  research.  It  provides  an  overview  of  risk  analysis,  decision 
analysis,  decision  trees,  influence  diagrams,  and  manpower.  In  addition,  it  provides  some 
insight  into  the  USAF  Fire  and  Emergency  Service  (FES)  flights’  responsibilities 
regarding  risk  analysis.  In  this  document,  the  term  FES  flight  was  used  to  represent  a 
USAF  FES  flight  unless  otherwise  denoted.  In  order  to  study  risk  a  definition  of  risk  was 
developed  first. 

Background  on  Risk 

Risk  has  been  defined  many  ways  in  the  literature  and  for  many  different 
situations.  Frohwein  et  al.  (1999)  described  risk  as  “a  family  of  measures  of  the 
probability  and  severity  of  adverse  effects.”  This  definition  lacks  any  mention  of  the 
causes  of  the  adverse  effects.  Hirschler  (1992)  defined  risk  specifically  for  fire  scenarios. 
Fire  risk  is  “a  measure  of  fire  loss  (life,  health,  animals,  or  property)  that  combines  (a)  the 
potential  for  harm  in  the  various  fire  scenarios  that  can  occur  and  (b)  the  probabilities  of 
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occurrence  of  those  scenarios,  within  a  specified  period,  in  a  defined  occupancy  or 
situation.”  (Hirschler,  1992)  This  definition  is  valid  if  the  risk  of  fire  was  the  only 
concern,  but  FES  flights’  responsibilities  include  much  more  than  just  fighting  and 
preventing  fires.  However,  Hirschler  did  include  an  important  detail  other  authors  have 
not  included  in  their  definition.  Hirschler  stated  risk  should  be  analyzed  over  a  “specific 
period”  and  a  “defined  occupancy.”  This  research  used  a  “specific  period,”  one  day,  and 
a  “defined  occupancy,”  Dyess  AFB.  The  USAF  defines  risk  as  “the  probability  and 
severity  of  loss  or  adverse  impact  from  exposure  to  various  hazards.”  (AFI  90-901, 

2000)  The  USAF  definition  makes  the  assumption  that  a  “hazard”  will  occur.  The 
definition  used  for  this  study  was  a  combination  of  Hirschler  (1992)  and  AFI  90-901 
(2000).  Risk  is  defined  as  the  likelihood  of  an  occurrence  of  a  Fire  and  Emergency 
Services  scenario  and  the  associated  loss  over  a  specific  period  and  a  defined  occupancy. 

To  make  the  risk  definition  useful  to  a  decision  maker,  risk  must  often  be 
quantified.  In  this  research,  Quantitative  Risk  Assessment  or  Analysis  (QRA)  was  used 
to  quantify  risk  (Apostolakis,  2004).  In  QRA,  risk  can  be  determined  from  three  basic 
questions  1)  What  can  go  wrong?,  2)  How  likely  is  it?,  and  3)  What  are  the 
consequences?  These  questions  translate  risk  into  a  function  of  all  the  risk  scenarios  (S;) 
(Kaplan  and  Garrick,  1981).  Each  of  these  risk  scenarios  is  quantified  with  a  likelihood 
(Li),  and  consequence  (X;)  (Kaplan  and  Garrick,  1981).  The  concept  of  risk  as  a  function 
of  the  risk  scenarios  is  the  basic  foundation,  but  many  different  approaches  to  QRA  have 
been  developed. 
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Risk  Analysis  and  Management 

The  QRA  methods  differ  in  approach,  but  they  are  all  intended  to  find  a  set  of  risk 
scenarios  and  the  scenario’s  associated  likelihood  and  consequence.  One  approach  is  to 
examine  the  consequences  first.  An  example  of  the  consequence-first  approach  is 
Apostolakis’  (2004)  five-step  approach,  which  is  based  on  determining  what  bad  can 
happen  and  then  finding  the  risk  scenarios  that  create  those  consequences.  Apostolakis’ 
(2004)  five  evaluation  steps  are:  1)  create  a  list  of  “undesirable  end  states,”  2)  detennine 
“initiating  events”  (IE),  3)  identify  the  sequence  of  events  to  create  “accident  scenarios,” 
4)  determine  the  probability  of  the  scenarios,  5)  rank  the  scenarios  in  tenns  of  frequency. 
Apostolakis  also  stated  that  peer  review  of  the  process  is  an  important  step.  Another 
approach  to  QRA  is  to  detennine  the  risk  scenarios  first.  The  USAF  proposed 
accomplishing  this  through  a  six-step  process.  The  six  steps  are:  1)  identify  risk 
scenarios,  2)  aggregate  consequences  with  likelihood  to  detennine  risk,  3)  analyze  to  see 
the  effects  of  risk  avoidance,  mitigation,  or  acceptance,  4)  make  appropriate  decisions 
based  on  analysis  in  step  3,  5)  implement  appropriate  decision,  and  6)  manage  the  risk 
throughout  the  life  of  the  risk  (AFP AM  90-902,  2000). 

The  consequence-first  and  the  risk  scenario-first  approaches  are  useful  in 
generating  the  list  of  risk  scenarios.  However,  both  of  these  models  fall  short  of  the 
desired  result  of  this  research.  The  approach  proposed  by  Apostolakis  (2004)  is  focused 
on  simply  ranking  risk.  The  concept  of  this  research  was  the  aggregation  of  risk  and 
mitigation  of  risk  by  using  manpower,  not  simply  a  rank  order.  The  AFP  AM  90-902 
(2000)  approach  is  based  on  determining  various  mitigation  options.  For  this  research 
only  one  mitigation  option,  manpower,  was  considered. 
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The  five-step  approach  proposed  by  Haimes  (2004)  is  a  risk  scenario-first 
approach.  It  was  chosen  because  the  approach  includes  risk  modeling,  aggregation,  and 
trade  of  risk.  The  purpose  of  this  research  was  to  analyze  risk,  therefore,  only  the  first 
three  steps  were  addressed.  Steps  four  and  five  are  the  responsibility  of  the  decision 
maker  (DM).  Haimes’  (2004)  five  steps  are:  1)  identify  risk  scenarios,  2)  quantify  and 
model  the  likelihood  and  consequences,  3)  evaluate  the  risks  by  aggregation  or  trade  offs, 
4)  make  appropriate  decisions  about  the  risk,  and  5)  execute  decisions  and  manage 
feedback. 

Determining  Risk  Scenarios 

The  first  step  in  Haimes  (2004)  QRA  approach  is  determining  a  set  of  risk 
scenarios.  Developing  a  list  of  scenarios  can  be  challenging,  especially  in  areas  like  FES 
flights  where  there  are  a  wide  range  of  responsibilities.  “Finding  scenarios  is  part  science 
and  a  large  part  art”  (Kaplan,  1997).  Some  of  the  difficulty  is  created  by  the  requirement 
that  risk  scenarios  “be  (1)  complete,  (2)  finite,  and  (3)  disjoint.”  (Kaplan  et  ah,  2001)  In 
general,  there  are  three  basic  ways  to  determine  risk  scenarios.  The  first  two, 
consequence-first  (Apostolakis,  2004)  and  scenario-first  (AFP AM  90-902,  2000;  Haimes, 
2004),  were  discussed  earlier.  The  third  method  is  to  start  in  the  middle.  Kaplan  (1997) 
stated  the  process  can  be  started  in  the  middle,  in  between  the  initiating  event  and  the 
consequence,  and  worked  in  both  directions.  There  are  various  techniques  for 
accomplishing  scenario  generation. 

The  first  examples  of  risk  scenario  generation  techniques  are  processes  using 
hierarchical  approaches.  Examples  of  techniques  that  use  hierarchical  modeling  are  the 
analytic  hierarchy  approach,  or  AHP  (Vaidya  and  Kumar,  2006),  risk  ranking  and 
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filtering  or,  RRF  (Haimes,  2004),  and  hierarchical  holographic  modeling,  or  HHM 
(Haimes  et  ah,  2002).  One  of  the  unique  characteristics  of  HHM  is  the  list  of  risk 
scenarios  is  not  intended  to  be  disjoint  (Kaplan  et  al.  2001).  Other  examples  of  risk 
scenario  generation  approaches  are  approaches  that  simply  make  a  list  by  asking  experts 
a  simple  question.  Examples  of  this  are  asking  what  can  go  wrong,  (Kaplan  and  Garrick, 
1981)  and  TRIZ,  which  asks,  “If  I  wanted  to  make  something  go  wrong,  how  would  I  do 
it?”  (Kaplan,  1997).  There  are  other  approaches  to  scenario  generation,  see  Kaplan  et  al. 
(2001)  for  additional  methods. 

In  many  situations  the  list  of  risk  scenarios  can  be  a  large,  virtually  infinite  list. 
Kaplan  and  Garrick  (1981)  addressed  this  by  defining  Si,  not  as  a  list  of  individual 
scenarios,  but  rather  a  list  of  “categories  of  scenarios.”  This  research  used  Kaplan  and 
Garrick’s  (1981)  categorical  approach  to  scenario  generation.  The  FES  Reshaping 
Conference  (2006)  developed  a  list  of  FES  responsibilities.  The  categories  of  scenarios 
were  developed  from  this  list.  An  additional  “Other”  category  was  added.  The  “Other” 
category  consisted  of  all  the  risk  scenarios  not  already  included  in  the  categories  (Kaplan 
and  Garrick,  1981).  This  approach  ensured  a  complete,  finite,  and  manageable  list  of 
scenarios  or  categories.  The  actual  category  generation  is  discussed  in  further  detail  in 
Chapter  3.  Once  the  scenarios  were  generated,  the  likelihood  and  consequence  of  each 
scenario  was  determined. 
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Determining  Likelihood 

Developing  the  likelihood  of  a  risk  scenario  has  been  accomplished  using 
numerous  approaches.  Three  such  approaches  are  subjective,  objective,  and  objective 
mathematical  approaches.  All  three  of  the  methods  have  positive  and  negative  aspects 
and  many  times  multiple  approaches  are  used  in  a  risk  analysis.  The  approaches  have 
been  used  in  the  literature  in  several  areas  including  risk  analysis. 

Subjective  likelihood  is  determined  by  eliciting  expert  opinion,  logical  inference, 
or  observation.  Subjective  likelihood  allows  analysis  of  areas  where  data  is  not  available, 
like  Keeny  and  Winterfeldt’s  (1994)  analysis  of  a  nuclear  repository  100  years  in  the 
future.  In  addition,  subjective  likelihood  can  be  used  where  historical  data  is  detennined 
to  be  a  poor  representation  of  future  occurrences  (Korte,  2003).  One  example  of 
subjective  approach  is  the  use  of  pair-wise  comparisons  of  risk  scenarios.  AHP  uses  pair¬ 
wise  comparisons  to  detennine  likelihood  by  soliciting  experts  to  determine  the 
likelihood  of  a  risk  scenario  in  comparison  with  the  likelihood  of  the  remaining  risk 
scenarios  (Dey  and  Mukherjee,  2005).  Expert  opinion  or  subject  matter  experts  are  also 
used  to  develop  likelihood.  Korte  (2003)  used  expert  opinion  to  determine  the  likelihood 
of  a  safe  landing  in  a  helicopter  experiencing  vibrations.  However,  expert  opinion  may 
vary  from  expert  to  expert.  Winterfeldt  and  O’Sullivan  (2006)  used  a  range  to  represent 
the  likelihood  for  risk  scenarios  when  analyzing  the  need  to  protect  commercial  airlines 
from  surface-to-air  missile  attack. 

Objective  probabilities  are  those  that  are  measured  using  historical  data, 
mathematical  process,  or  another  accepted  scientific  process.  A  historical  approach  to 
likelihood  uses  occurrences  of  a  scenario  in  the  past  to  predict  occurrences  in  the  future. 
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Historical  approaches  are  used  commonly  when  the  environment  or  process  leading  to  the 
scenario  remains  relatively  unchanged.  Peck  and  Kavet  (2005)  used  historical  data  to 
predict  likelihood  of  a  child  developing  leukemia. 

Mathematical  distributions  are  another  objective  method  used  to  detennine 
likelihood.  These  distributions  can  be  continuous  or  discrete  distributions.  Cox  et  al. 
(2005)  used  the  binomial  distribution  to  estimate  the  likelihood  of  detecting  disease  in 
cattle.  Other  examples  are  the  exponential,  normal,  gamma  distributions.  See  Trueman 
(1974)  and  Berger  and  Zeng  (2006)  for  more  information  on  the  application  of 
continuous  and  discrete  distribution. 

For  this  research  another  mathematical  distribution,  the  Poisson  distribution,  was 
used  to  estimate  likelihood.  Clemen  and  Reilly  (2001)  stated  the  Poisson  distribution  is 
good  “for  representing  occurrences  of  a  particular  event  over  time  and  space.”  In  other 
words  the  Poisson  distribution  is  used  to  represent  an  event  or  “scenario”  over  time  or  a 
“specified  time”  and  a  space  or  “defined  occupancy.”  The  Poisson  distribution  was 
chosen  because  of  its  relevance  to  the  risk  definition  used.  However,  Clemen  and  Reilly 
(2001)  stated  a  “scenario”  has  to  meet  four  criteria  for  the  Poisson  distribution  to  be 
valid.  The  four  criteria  are:  1)  the  scenario  “can  happen  at  any  number  of  places  within 
the”  defined  occupancy;  2)  the  likelihood  of  an  event  is  small  at  any  given  point;  3) 
scenarios  are  independent;  and  4)  the  average  number  of  scenarios  does  not  change  over 
the  defined  occupancy  or  the  specified  time.  Kolesar  and  Walker  (1973)  used  the 
Poisson  distribution  to  estimate  fire  alarm  occurrence  over  specified  regions  in  New  York 
City.  Risk  scenarios  and  likelihood  have  been  defined.  The  final  variable  is 
consequence. 
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Determining  Consequences 

Kaplan  and  Garrick  (1981)  define  a  consequence  for  risk  as  “some  kind  of  loss  or 
damage  received.”  In  terms  of  risk,  a  consequence  is  negative  outcome  of  a  risk  scenario. 
The  USAF  considers  three  consequences  in  risk  analysis:  (a)  the  threat  to  the  mission 
capability,  (b)  potential  casualties  and  loss  of  life,  and  (c)  loss  of  property  (AFP AM  90- 
902).  Similar  to  the  USAF,  Winterfeldt  and  O’Sullivan  (2006)  use  monetary  loss  of 
property,  monetary  loss  to  the  industry,  loss  of  life,  and  cost  of  maintenance  as 
consequences.  In  some  cases,  risk  is  a  function  of  one  consequence.  Korte  (2003) 
assumes  only  one  consequence,  loss  of  life,  is  a  factor  in  a  pilot’s  decision  to  ditch  a 
helicopter  or  attempt  to  fly  it  to  a  safe  landing  zone.  The  consequences  used  in  this  study 
were  total  cost  to  include  property  loss  and  response  cost  and  loss  of  lives. 

Modeling  Techniques 

A  variety  of  different  techniques  have  been  developed  for  performing  QRA. 

Many  of  these  techniques  use  a  hierarchical  approach  to  QRA.  An  example  of  a 
hierarchical  approach  is  risk  ranking  and  filtering  (RRF).  RRF  is  a  technique  developed 
by  the  National  Aeronautics  and  Space  Administration  consisting  of  a  hierarchical 
approach  to  scenario  generation,  quantification  of  the  scenarios,  a  filtering  process,  and 
then  ranking  of  the  scenarios.  RRF  led  to  the  development  of  risk  filtering,  ranking,  and 
management  (RFRM)  (Haimes,  2004).  RFRM  uses  hierarchical  holographic  modeling 
(HHM)  to  generate  risk  scenarios,  but  unlike  RRF,  the  scenarios  undergo  a  filtering 
process  before  quantification.  Additionally,  management  and  feedback  steps  have  been 
included  in  RFRM  (Haimes  et  al.,  2002).  RFRM  and  HHM  have  been  used  in  many 
different  risk  assessments  including  prioritizing  structures  for  protection  against  terrorist 
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attacks  by  Leung  et  al.  (2004).  For  other  examples  see  Haimes  et  al.  (2002)  and  Haimes 
(2004).  One  of  the  methods  HHM  uses  to  filter  scenarios  is  pair-wise  comparison. 

Another  method  that  relies  heavily  on  pair-wise  comparisons  is  the  analytic 
hierarchy  process  (AHP).  AHP  is  a  method  of  developing  a  hierarchy  to  represent  a 
decision  and  analyzing  the  hierarchy  through  a  series  of  pair-wise  comparisons.  After  the 
pair-wise  comparisons  have  been  analyzed,  the  problem  can  then  be  analyzed  as 
demonstrated  by  the  application  to  risks  in  project  management  shown  in  Dey  and 
Mukherjee  (2005).  AHP  differs  from  many  other  hierarchical  approaches  because  often, 
the  desired  result  is  not  just  a  ranked  list  of  scenarios,  but  rather  an  aggregate  value  for 
risk. 

Computer  simulation  models  are  generally  intended  to  produce  an  aggregate  value 
for  risk.  Olofsson  and  Blennow  (2005)  used  computer  simulation  to  identify  factors  that 
increase  the  probability  of  damage  to  spruce  trees.  Another  example  of  computer  a 
simulation  technique  is  Monte  Carlo  simulation.  Monte  Carlo  simulation  is  used  to 
calculate  an  outcome  distribution  for  uncertain  events  with  continuous  distributions.  It 
produces  the  outcome  by  picking  a  random  number  within  the  range  of  probability  of  an 
uncertain  event  and  assigns  that  number  to  that  uncertain  event.  This  simulation  is 
repeated  and  eventually  results  in  an  outcome  distribution  (Dillon  and  Haimes,  1996). 
Pires  et  al.  (2005)  used  a  computer  based  risk  algorithm  to  predict  the  room  of  origin  for 
a  fire. 

In  addition  to  quantitative  risk  analysis  (QRA)  there  is  also  qualitative  risk 
analysis.  Mulvhill  (1988)  performed  risk  analysis  using  two  qualitative  risk  approaches, 
hazard  and  operability  (HAZOP)  analysis  and  fault  trees,  and  two  quantitative  analysis 
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methods,  event  sequence  diagrams  and  event  trees.  The  analysis  was  performed  and  the 
pros  and  cons  of  the  techniques  were  compared.  Laughlin  (2005)  proposed  a  new 
qualitative  risk  analysis  technique  called  comparative  risk  analysis  (CRA)  for  creating 
policy  for  fire  plans.  Many  quantitative  and  qualitative  techniques  were  examined,  but  it 
was  decided  the  best  modeling  technique  for  this  research  was  decision  analysis  (DA). 
Decision  Analysis 

Decision  analysis  is  a  process  to  break  down  and  analyze  a  complex  decision. 
This  analysis  is  intended  to  provide  insight  to  the  decision  maker  (DM)  that  will  help  the 
DM  to  consistently  make  a  good  decision.  DA  does  not,  however,  attempt  to  make  the 
decision  for  the  DM.  It  is  simply  a  method  to  provide  structure  to  the  process  (Clemen 
and  Reilly,  2001).  Kirkwood  (1997)  proposed  that  part  of  DA  is  to  provide  more 
justification  for  a  decision.  Therefore,  a  quantitative  approach  should  be  used  in 
decision-making.  In  order  to  quantify  a  decision,  Kirkwood  (1997)  defined  three  parts: 
the  alternatives,  the  consequences,  and  uncertainty.  These  parts  correlate  directly  to  the 
three  variables  of  risk  analysis  (risk  scenarios,  consequences,  and  likelihood),  which 
made  DA  a  very  effective  technique  in  quantifying  risk.  Clemen  and  Reilly  (2001) 
defined  a  specific  process  in  DA  shown  on  Figure  2.1.  Other  literature  has  slightly 
different  verbiage  to  describe  the  decision  making  process,  but  the  results  are  the  same 
(Kirkwood,  1997;  Raiffa,  1968;  Trueman  1974). 
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Figure  2.1:  Clemen  and  Reilly  (2001)  Decision  Analysis  Process 


Uncertainty  plays  an  important  role  in  a  decision.  If  everything  is  known  about  a 
decision,  then  the  decision  making  process  is  trivial.  However,  it  is  rare  to  know 
everything  about  a  decision  (Trueman,  1974).  There  are  two  types  of  uncertainty  in 
decisions,  objective  and  subjective.  When  analyzing  decisions,  it  may  not  always  be 
possible  or  practical  to  obtain  objective  probabilities.  Therefore,  subjective  probabilities 
must  be  used  (Haimes,  2004).  The  analysis  in  this  research  used  both  objective  and 
subjective  probabilities  as  part  of  the  model. 

The  literature  includes  some  skeptics  regarding  the  applicability  of  traditional  DA 
in  dynamic  situations,  such  as  the  response  to  specific  emergency  situations.  Klein  and 
Calderwood  (1991)  argued  that  in  a  dynamic  situation  the  DM  does  not  have  adequate 
time  to  use  analytical  methods  and  must  rely  on  expertise  or  personal  judgment.  This 
“intuitive”  approach  to  decision  analysis,  called  recognition-primed  decision  (RPD), 
concluded  that  it  is  more  important  for  a  DM  to  understand  the  current  condition  and 
make  a  situational  assessment,  rather  than  develop  and  analyze  all  of  the  possible 
alternatives.  Korte  (2003)  argues  that  expertise  is  not  enough.  A  DM  must  be  given 
tools  and  guidelines  to  make  decisions  that  minimize  the  consequences.  The  risk  should 
be  analyzed  prior  to  a  poor  decision  (Korte,  2003).  This  risk  analysis  for  this  study  is 
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being  perfonned  before  the  actual  occurrence  of  an  emergency.  This  is  similar  to  the 
concepts  proposed  by  Korte  (2003).  Once  an  emergency  has  occurred  it  is  too  late  to 
make  manpower  decisions. 

Influence  Diagrams 

An  influence  diagram  is  a  simplified,  graphical  model  of  a  decision  problem.  One 
advantage  is  the  influence  diagram  “is  intuitive  enough  to  communicate  with  the  decision 
makers  and  experts  and,  at  the  same  time,  precise  enough  for  normative  analysis” 
(Shachter,  1986).  Diehl  and  Haimes  (2004)  stated  “The  versatility  of  an  influence 
diagram  helps  to  foster  communication  between  the  domain  experts,  decision  makers, 
and  decision  analysts  when  solving  complex  decision  problems.”  An  influence  diagram 
consists  of  nodes  and  arcs.  The  nodes  represent  uncertainties,  decisions  and 
consequences.  The  arcs  represent  either  dependence  or  sequential  order  (Shachter,  1986; 
Shachter,  1988). 

Samples  of  a  single  objective  decision  tree  can  be  found  in  Shachter  (1986)  and 
Shachter  (1988)  and  Lui  et  al.  (2004).  A  sample  of  a  multi-objective  tree  is  found  in 
Diehl  and  Haimes  (2004).  Influence  diagrams  can  be  used  analyze  and  to  calculate  the 
expected  outcome  of  a  problem  (Diehl  and  Haimes,  2004;  Shachter,  1986;  Shachter, 
1988).  However,  influence  diagrams  are  simplified  representations  of  a  problem  or 
decision  and  the  math  may  not  be  as  straightforward  as  in  a  decision  tree.  Therefore,  all 
analysis  was  done  using  a  decision  tree.  An  influence  diagram  was  an  effective  starting 
point  for  the  creation  of  a  decision  tree. 
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Decision  Tree 


Raiffa  (1968)  described  a  decision  tree  is  a  “road  map”  of  a  decision.  Decision 
trees  are  used  to  aggregate  decision  alternative  scores  as  a  function  of  uncertain  events 
and  event  outcomes  (Raiffa,  1968).  An  uncertain  event  is  the  likelihood  of  a  risk 
scenario  and  the  uncertain  outcomes  are  the  likelihood  of  a  consequence,  making  a 
decision  a  logical  choice  for  aggregation  of  risk.  In  order  to  properly  model  a  decision  in 
a  decision  tree,  the  uncertain  events  must  follow  two  rules.  The  uncertain  event  must  be 
collectively  exhaustive  and  mutually  exclusive  meaning  the  uncertain  event  must  have 
exactly  one  possible  outcome  (Clemen  and  Reilly,  2001). 

Decision  trees  follow  a  sequential  order,  so  the  placement  of  decision  and  chance 
nodes  may  be  important.  Decision  nodes  should  be  placed  before  the  chance  events  that 
will  still  be  uncertain  at  the  time  that  decision  will  be  made.  Chance  events  that  are 
conditionally  dependent  should  be  placed  in  the  proper  chronological  order.  If  chance 
nodes  are  independent,  the  order  in  which  the  events  are  modeled,  as  long  as  it  is  after  the 
appropriate  decision  node,  is  arbitrary  (Diehl  and  Haimes,  2004). 

There  are  two  basic  types  of  decision  trees.  The  type  chosen  depends  on  the  goal. 
The  first  type  is  a  decision  tree  designed  to  provide  insight  about  a  decision.  This 
decision-based  decision  tree  is  designed  to  model  all  of  the  pertinent  information  around 
a  decision  or  series  of  decisions.  The  ultimate  goal  of  decision-based  decision  trees  is  to 
consistently  make  good  decisions  (Kirkwood,  1997).  The  second  type  of  decision  tree  is 
based  on  inductive  reasoning.  An  inductive  decision  tree  is  focused  on  classification. 
Inductive  decision  trees  attempt  to  classify  an  unknown  object  by  matching  the  unknown 
object’s  patterns  to  the  patterns  of  a  known  class  of  objects  (Quinlan,  1990).  Two 
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examples  of  the  application  of  inductive  decision  trees  are  diagnoses  of  hypothyroid 
conditions  (Quinlan,  1999)  and  evaluation  of  the  credit-risk  of  an  applicant  (Mues  et  al., 
2004).  For  the  purposes  of  this  research,  decision-based  decision  trees  are  referred  to  as 
decision  trees.  Inductive  decision  trees  were  not  used  for  this  research. 

One  of  the  difficulties  with  decision  trees  is  that  they  can  easily  become  too  large 
for  a  DM  to  comprehend.  The  number  of  nodes  and  the  continuous  variables  can  make 
the  decision  tree  hard  to  manage  and  understand  (McCreary,  1973).  Decision  trees  must 
be  accurate  enough  to  be  useful,  but  a  decision  tree  must  be  simple  enough  to  understand 
(Quinlan,  1999).  There  are  various  ways  to  simplify  a  model.  McCreary  (1973)  briefly 
covered  two  general  approaches.  This  first,  the  common  sense  approach,  is  accomplished 
by  eliminating  branches  that  are  not  feasible  or  eliminating  chance  nodes  that  are 
determined  not  to  be  a  part  of  the  decision  process  or  provide  no  added  value.  The 
second  approach  is  an  analytical  process.  The  analytical  process  trims  a  tree  by 
simplifying  forks  in  the  tree,  which  can  result  in  an  exponentially  smaller  tree.  An 
example  of  trimming  the  forks  would  be  to  truncate  an  uncertain  event  while  maintaining 
an  adequate  level  of  accuracy. 

Sensitivity  analysis  can  aid  in  trimming  unnecessary  branches.  Sensitivity 
analysis  will  be  discussed  in  detail  later  in  this  chapter.  Techniques  used  to  filter  and 
rank  risk  scenarios  discussed  earlier  (Haimes,  2004;  Haimes  et  al.,  2002)  can  be  used  to 
simplify  decisions.  For  problems  in  which  a  decision  tree  cannot  be  simplified  to  an 
understandable  or  functional  level,  a  graphical  decision  tree  can  be  eliminated.  A 
decision  tree  can  be  represented  as  a  series  of  mathematical  formulas  and  the  data  can  be 
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organized  in  a  table  (Berger  and  Zeng,  2006).  Once  the  tree  has  been  formed  there  are 
various  methods  for  analyzing  the  tree. 

Decision  Tree  Analysis 

Expected  value  (EV)  is  a  common  methodology  for  analyzing  decision  trees 
(Frohwein  et  ah,  1999).  Analysis  of  a  decision  tree  by  means  of  EV  is  called  “folding 
back”  or  “rolling  back”  the  tree.  A  decision  tree’s  EV  is  calculated  by  starting  at  the 
tennination  node  and  continuing  to  “roll  the  tree  back”  until  the  first  level  decision  is 
reached.  When  a  chance  node  is  encountered,  the  probability  and  consequence  for  each 
individual  branch  is  multiplied.  Each  individual  branch  on  a  chance  node  is  then  added 
together.  When  a  decision  node  is  encountered,  the  consequence  on  each  individual 
branch  is  analyzed  and  the  appropriate  branch  is  chosen  (Clemen  and  Reilly,  2001). 

EV  may  be  effective  for  many  decision  trees,  but  there  are  cases  where  EV  fails  to 
be  a  valid  representation  of  the  goal.  In  problems  where  EV  is  not  a  good  solution  or 
probabilities  are  not  available,  there  are  a  number  of  established  rules  for  decision  tree 
analysis.  Some  examples  of  other  techniques  used  to  solve  decision  trees  are  the 
maximax  rule,  the  maximin  rule,  the  equal  likelihood  rule,  and  the  minimax  regret  rule. 
For  more  detailed  information  on  these  rules  see  Trueman  (1974).  An  additional 
technique  is  the  Hurwicz  rule.  For  more  infonnation  about  the  Hurwicz  rule  see  Haimes 
(2004)  and  Frohwein  et  al.  (1999).  However,  expected  value  (EV)  was  determined  to  be 
the  most  representative  technique  for  this  research  and  therefore  was  used  to  solve  the 
decision  tree. 
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Single  Dimension  Value  Function  (SDVF) 

A  single  dimension  value  function  (SDVF)  is  used  in  multi-objective  decision 
analysis  to  convert  the  consequence  values  into  a  common  unit.  Many  of  the 
consequence  relationships  (SDVF  for  this  study)  in  the  literature  are  linear.  Korte  (2003) 
uses  a  linear  relationship  for  loss  of  life.  Keeny  and  Winterfeldt  (1994),  Cox  et  al. 

(2005),  and  Winterfeldt  and  O’Sullivan  (2006)  used  linear  relationships  for  cost  and  loss 
of  life  consequences.  Converting  the  consequences  into  common  units  allows  trade-offs 
between  the  consequences  to  be  established  (Kirkwood,  1997). 

Additive  Value  or  Trade-off  Function 

Kirkwood  stated  trade-offs  between  the  consequences  can  be  used  to  combine  the 
consequences  into  a  single  consequence.  The  method  used  in  this  research  to  create  a 
single  consequence  is  the  additive  value  function.  The  trade-off  values  are  the  relative 
importance  of  the  consequences  in  tenns  of  making  the  decision,  and  they  are  used  to 
calculate  the  weights  of  the  additive  value  function.  One  of  the  assumptions  with  the 
additive  value  function  is  mutual  preferential  independence.  Mutual  preferential 
independence  means  there  is  no  preferential  dependence  between  any  of  the  variables 
used  in  the  function.  Variable  X  is  preferentially  independent  of  variable  Y,  if  changes  in 
Y  do  not  change  the  value  of  X  (Kirkwood,  1997).  Once  the  consequences  have  been 
combined  into  a  common  unit,  the  tree  can  be  “rolled  back”  resulting  in  a  list  of  values 
for  each  decision.  However,  because  there  is  often  uncertainty  involved  in  a  decision 
tree,  other  methods  have  been  developed  to  further  analyze  decision  tree  results. 
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Value  of  Information  (VOI) 

Value  of  information  is  “the  benefit  of  collecting  additional  information  to  reduce 
or  eliminate  uncertainty  in  specific  decision  making  context”  (Yakota  and  Thompson, 
2004).  VOI  analysis  looks  at  the  payoff  of  having  better  information  compared  to  the 
cost  of  obtaining  the  infonnation.  “By  considering  the  expected  value  [of  information] 
we  can  decide  whether  an  expert  is  worth  consulting,  whether  a  test  is  worth  perfonning, 
or  which  of  several  information  sources  would  be  the  best  to  consult”  (Clemen  and 
Reilly,  2001).  Another  aspect  of  VOI  is  sensitivity  analysis.  If  a  variable  of  a  decision 
does  not  impact  that  decision,  then  it  would  be  a  waste  of  time  and  resources  to  collect 
more  information  on  that  variable  (Clemen  and  Reilly,  2001). 

Sensitivity  Analysis 

Eschenbach  (1992)  defined  sensitivity  analysis  “as  examining  the  impact  of 
reasonable  changes  in  base-case  assumptions.”  Trueman  (1974)  stated  sensitivity 
analysis  is  an  “approach  which  allows  us  to  explore  the  effect  on  the  optimal  decision(s) 
of  possible  changes  in  any  of  the  problem  variables.”  There  are  a  number  of  reasons  why 
sensitivity  analysis  is  used.  Kirkwood  (1997)  explains  sensitivity  analysis  is  used  “to 
determine  the  impact  on  the  ranking  of  alternatives  of  changes  in  various  model 
assumptions.”  In  addition  “sensitivity  analysis  may  be  used  (1)  to  make  better  decisions, 
(2)  to  decide  which  data  estimates  should  be  refined  before  making  a  decision,  or  (3)  to 
focus  managerial  attention  of  the  most  critical  elements  during  implementation” 
(Eschenbach,  1992). 

There  are  multiple  means  of  performing  sensitivity  analysis  on  a  decision.  One¬ 
way  sensitivity  analysis  is  used  to  determine  the  effect  the  range  of  a  variable  has  on  the 
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EV.  One-way  analysis  graphs  an  uncertain  variable  on  the  x-axis  and  plots  it  against  the 
EV  of  the  alternatives.  If  alternative  lines  cross,  the  EV  for  the  alternatives  is  equal  at 
that  point.  This  signifies  a  change  in  the  preferred  decision  (von  Winterfeldt  and 
O’Sullivan,  2006).  A  tornado  diagram  stacks  all  of  the  variables,  so  their  effect  on  the 
EV  can  be  compared  (Clemen  and  Reilly,  2001).  “A  tornado  diagram  quickly  highlights 
those  variables  to  which  the  outcome  is  most  sensitive”  (Eschenbach,  1992).  A  spider 
plot  is  a  graph  of  the  change  in  each  variable  against  the  expected  value.  Because  of  the 
complexity  of  a  spider  plot,  the  number  of  variables  that  can  be  plotted  together  is 
limited;  however,  spider  plots  contain  more  infonnation  than  other  types  of  sensitivity 
analysis  (Eschenbach,  1992).  Two-way  sensitivity  analysis  provides  insight  into  the 
interaction  of  two  variables  with  EV.  Two-way  analysis  is  a  graph  with  one  variable  on 
the  x-axis,  one  variable  on  the  y-axis,  and  a  curve  to  show  where  the  preferred  solution 
changes. 

Utility 

Utility  is  a  DM’s  attitude  toward  risk.  Utility  is  captured  by  replacing  EV  with 
expected  utility  (EU)  (Kirkwood,  1997).  When  determining  utility,  consideration  should 
be  given  to  “the  decision  maker’s  attitude  in  two  aspects:  the  attitude  toward  profit 
which  associates  with  the  payoff  value  and  the  attitude  toward  risk  which  associates  with 
the  risk  or  probability  of  the  alternative”  (Liu  and  Da,  2005).  There  are  three  types  of 
decision  makers  with  regards  to  risk:  (a)  risk  averse,  (b)  risk  neutral,  and  (c)  risk  seeking 
(Kirkwood,  1997).  There  are  multiple  theories  and  methods  to  account  for  risk  in  a 
decision  maker  (Clemen  and  Reilly,  2001;  Haimes,  2004;  Kirkwood,  1997;  Lui  and  Da, 


27 


2005).  This  purpose  of  this  study  was  to  present  the  actual  risk  levels  to  the  DM  so  a 
more  informed  decision  can  be  made.  Therefore,  utility  was  not  used  in  this  research. 

Decision  Tree  Models  in  Literature 

Diehl  and  Haimes  (2004)  stated  that  decision  trees  have  become  “perhaps  the 
most  well  known  representation  of  decision  problems.”  Because  a  decision  tree  analyzes 
a  decision  as  a  function  of  the  chance  of  an  uncertain  event  and  the  resulting 
consequences,  it  can  almost  always  be  seen  as  fonn  of  risk  analysis.  Often  times, 
decision  trees  analyze  the  effect  of  different  mitigation  techniques  on  the  risk  level.  In 
addition,  decision  trees  are  not  specific  to  a  certain  field.  A  review  of  the  literature  that 
discusses  decision  trees  show  they  have  been  used  widely  and  in  many  diverse  fields. 

Decision  trees  have  been  used  in  project  management.  Gustafsson  and  Salo 
(2005)  created  and  designed  a  decision  tree  to  provide  the  DM  with  insight  into  which 
risky  projects  to  start  and/or  continue.  The  tree  has  multiple  decision  points  along  the 
way  which  allow  for  cost  benefit  analysis  throughout  the  length  of  a  project.  This  allows 
the  DM  opportunities  to  decide  whether  to  start  a  new  project,  continue  an  existing 
project,  or  cancel  existing  projects  to  maximize  expected  monetary  value  (EMV). 
Gustafsson  and  Salo  included  uncertainty  about  money  available  and  decisions  were 
based  on  the  payback  for  resource  allocation  (Gustafsson  and  Salo,  2005) 

As  discussed  earlier,  Cox  et  al.  addressed  the  problem  of  tracking  imported 
Canadian  cattle  in  the  United  States  (U.S.).  The  “tracking”  or  “not  tracking”  of  cattle  is 
the  decision  and  is  also  a  risk  mitigation  technique.  The  decision  tree  is  modeled  based 
on  the  risk  of  disease  from  imported  Canadian  cattle.  The  consequences  were  cost  of 
tracking  and  testing  and  lost  revenue  due  to  adverse  market  reaction.  Cox  et  al.,  used  a 
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trade-off  function  to  combine  the  consequences.  For  tracking  and  testing  cost,  historical 
data  and  logical  reasoning  were  used  to  detennine  the  probabilities.  For  infection  rate, 
historical  data  was  used  in  combination  with  the  binomial  distribution.  Cox  et  al.  based 
the  decision  on  EMV  (Cox  et  al.,  2005). 

Decision  trees  can  be  used  for  situations  that  involve  politics  or  emotion  and 
analyze  them  strictly  as  analytical  problems.  For  example,  Keeny  and  von  Winterfeldt 
(1993)  used  decision  trees  to  analyze  the  optimal  management  of  spent  nuclear  waste. 
Two  trees  were  developed  in  this  model.  The  first  tree  examined  the  present  decision  and 
the  second  tree  looked  at  the  decision  to  be  made  in  100  years  (the  proposed  time  the 
repository  will  accept  waste).  The  alternatives  for  the  present  and  future  trees  were 
storage  location.  The  uncertainty  in  the  “present”  tree  was  the  possible  licensing  issues 
and  were  primarily  technology  based  uncertainties  dealing  with  advances  in  the  handling 
of  nuclear  waste,  constructing  repositories,  and  medical  treatments  for  cancer  for  the 
“future”  tree  (Keeny  and  von  Winterfeldt,  1993). 

Keeny  and  von  Winterfeldt  (1993)  examined  nine  consequences,  based  on  the 
Nuclear  Waste  Policy  Act,  in  the  study.  The  consequences  included  loss  of  life,  social 
impact,  direct  costs,  indirect  costs,  and  environmental  issues.  Cancer  cases  and  loss  of 
life  were  determined  by  previous  studies  (DOE,  EPA,  etc.)  and  logical  judgments  and 
consider  all  areas  including  construction,  transportation,  radiation,  etc.  A  linear  value 
tradeoff  was  determined  to  aggregate  consequences  into  a  common  unit.  Loss  of  life 
“pre-closure”  and  “post-closure”  was  estimated  to  have  a  $4  million  to  1  and  $  1  to  1 
million  value  tradeoff,  respectfully.  Likelihood  was  almost  all  subjective,  although  some 
historical  data  was  used.  Both  value  tradeoffs  and  “arbitrary”  likelihood  detenninations 
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were  addressed  in  the  sensitivity  analysis.  Keeny  and  von  Winterfeldt  based  the  decision 
on  EMV  and  the  resulting  sensitivity  analysis  (Keeny  and  von  Winterfeldt,  1993). 

As  discussed  earlier,  Berger  and  Zeng  (2006)  used  decision  tree  analysis  without 
actually  creating  the  graphical  tree.  The  decision  was  the  optimal  number  of  sources  to 
use  as  suppliers.  Using  the  mathematical  representation  also  helped  with  sensitivity 
analysis  because  changes  to  the  approximations  of  the  uncertainties  could  easily  be  made. 
The  large  amount  of  uncertainty  made  this  problem  too  complicated  to  represent  on  a 
decision  tree.  However,  the  decision  only  has  one  chance  node,  one  probability,  and  one 
consequence.  The  lack  of  diversity  in  the  tree  brings  accuracy  into  question. 

Korte  (2003)  used  risk  analysis  and  decision  trees  to  detennine  the  preferred 
solution  for  an  emergency  situation  in  an  offshore  helicopter.  Nine  rules  of  “contingent 
risk  and  decision  analysis”  are  described.  A  graphical  representation  of  Korte’s  (2003) 
rules  can  be  seen  on  Figure  2.2. 
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Figure  2.2:  Nine  Rules  of  Contingent  Risk  and  Decision  Analysis  (Korte,  2003) 


The  decision  was  whether  to  attempt  to  fly  the  helicopter  back  to  a  landing  site  or  attempt 
an  emergency  landing,  and  the  consequence  was  loss  of  life.  Loss  of  life  and 
probabilities  were  determined  by  three  factors.  The  first  is  the  weather,  defined  as  calm, 
moderate,  severe,  or  extreme.  The  second  is  the  condition  of  the  sea,  defined  as  the 
temperature  of  the  sea,  determined  by  the  season  (winter,  intermediate  seasons,  and 
summer).  The  final  factor  was  the  time  it  takes  rescue  crews  to  respond.  The  factors 
were  known  at  the  time  of  emergency.  Loss  of  life  and  likelihood  were  determined 
conditionally  to  the  three  factors.  Korte  (2003)  recognize  other  consequences  like 
material  loss,  but  these  consequences  were  not  included  because  the  only  time  material 
loss  would  be  considered  is  when  there  was  not  a  clear  decision  based  on  fatality  risk 
(Korte,  2003). 
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Another  example  of  using  decision  trees  to  analyze  risk  mitigation  techniques  is 
from  vonWinterfeldt  and  O’Sullivan  (2006).  A  decision  tree  was  used  to  determine  if 
equipping  commercial  airplanes  with  missile  countermeasures  would  be  cost  effective. 
There  was  a  large  amount  of  uncertainty  in  both  the  likelihood  and  consequence  of  the 
decision.  There  were  multiple  reasons  for  the  uncertainty,  i.e.  the  diversity  of  the  airline 
industry,  unpredictability  of  terrorist  strikes,  different  types  of  missiles,  and  classified 
information.  Instead  of  detennining  the  actual  likelihood  and  consequences,  von 
Winterfeldt  and  O’Sullivan  (2006)  used  ranges  for  these  values.  A  base  case  was  chosen, 
the  tree  was  “rolled  back,”  and  sensitivity  analysis  was  preformed  (von  Winterfeldt  and 
O’Sullivan,  2006) 

According  to  von  Winterfeldt  and  O’Sullivan  (2006)  the  preferred  decision  was 
determined  by  analyzing  five  consequences.  The  consequences  were:  (a)  loss  of  life 
(LL),  (b)  cost  of  plane  (CP),  (c)  economic  loss  (EL),  (d)  number  of  false  alarms  (FA),  and 
(e)  cost  of  countermeasures  (CC).  With  the  exception  of  LL  and  FA,  all  other  figures 
were  in  dollars.  In  order  to  create  a  common  unit,  the  monetary  value  of  a  life  (VOL) 
was  estimated  to  be  a  range  from  $0  to  $  10  million  per  life  with  a  base  case  of  $5  million 
and  the  monetary  value  of  a  false  alann  (VOF)  was  estimated  to  be  a  range  from  $0  to 
$100  million  per  incident,  with  a  base  case  of  $  10  million.  Both  of  these  trade-off 
functions  were  linear  relationships.  Multiple  methods  of  sensitivity  analysis  were 
performed  in  von  Winterfeldt  and  O’Sullivan  (2006).  The  first  analysis  was  the  manual 
manipulation  of  the  likelihood  and  consequences  values.  This  was  accomplished  by 
using  a  program  that  used  “sliders”  to  adjust  the  values  and  produced  real-time  graphical 
results.  Tornado  analysis  was  then  performed  and  allowed  for  visual  representation  of 
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the  effect  of  each  variable  on  the  decision.  One-way  sensitivity  and  two-way  sensitivity 
analysis  were  also  performed  (von  Winterfeldt  and  O’Sullivan,  2006). 

Manpower  in  Literature 

Many  different  types  of  manpower  problems  and  decisions  have  been  addressed 
in  the  literature.  Various  scheduling  issues  have  been  solved.  Legato  and  Monaco 
(2004)  used  a  linear  program  (LP)  to  solve  a  scheduling  issue  of  varying  manpower  in  a 
marine  container  tenninal.  A  long-term  schedule,  which  was  fixed,  and  a  short-term 
schedule,  which  could  vary,  were  created  to  optimize  costs  and  provide  adequate 
manpower  to  cover  fluctuations  in  demand.  A  similar  scheduling  problem  was  addressed 
by  Wild  and  Schneeweifi  (1993).  Wild  and  Schneeweifi  (1993)  used  a  hierarchical 
approach  to  decompose  and  solve  the  scheduling  problem.  Additionally,  computer 
technology  has  aided  manpower  scheduling.  Verbeek  (1991)  created  software  to  simplify 
and  aid  in  the  scheduling  of  airline  pilots.  Elhakeem  and  Hegazy  (2005)  used  graphs  to 
simplify  scheduling  options  for  the  DM.  Computer  models  have  allowed  for  much  of  the 
complex  math  to  be  hidden  from  the  DMs,  for  rapid  recalculation  to  adjust  for  unforeseen 
problems,  and  for  simulations  to  be  run  prior  to  actual  scheduling.  Firefighter 
scheduling,  to  provide  at  least  minimum  manpower  coverage,  was  addressed  with  linear 
programming  by  Fry  et  al.  (2006).  However,  Fry  et  al  (2006)  did  not  attempt  to 
determine  the  minimum  manpower  level,  it  was  already  determined  prior  to  the  research. 
Scheduling  research  attempts  to  detennine  the  personnel  that  are  needed  to  handle  a  load. 
However,  some  manpower  research  has  focused  on  the  proper  location  and  relocation  of 
manpower  to  mitigate  risk. 
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Mathematical  programming  has  been  used  to  detennine  the  proper  deployment 
and  relocation  of  emergency  services.  Sathe  and  Miller-Hooks  (2005)  used  mathematical 
programming  to  optimize  the  location  and  relocation  of  military  security  forces.  The 
goals  were  to  minimize  costs  and  appropriately  guard  all  critical  facilities.  Kolesar  and 
Walker  (1973)  developed  a  model  for  the  location  of  fire  houses  and  relocation  of  fire 
companies  to  provide  at  least  minimum  coverage  in  all  areas.  Kolesar  and  Walker  (1973) 
defined  minimum  coverage  as  “at  least  one  of  the  closest  three  engines  and  at  least  one  of 
the  closest  two  ladders  must  be  available  for  every  alarm  box  in  the  city.”  Church  et  al. 
(2001)  discussed  the  role  of  computer  aided  dispatch  (CAD)  programs  and  other 
technologies  in  improving  upon  mathematical  modeling  for  location  and  relocation  of 
emergency  services. 

Firefighter  manpower  has  also  been  examined  as  a  function  of  risk.  Halpern  et  al. 
(1982)  used  risk  as  a  function  of  time  to  complete  an  emergency  activity  and  network 
analysis  to  determine  manpower.  Networks  of  events  to  complete  various  scenarios  were 
mapped,  and  then  the  time  to  complete  each  network  was  developed.  Halpern  et  al 
(1982)  suggested  that  the  time -based  networks  can  be  used  to  determine  proper 
manpower  levels.  In  addition  to  Halpern  et  al.  (1982),  Lawrence  (2001)  also  evaluated 
manpower  by  quantifying  risk  as  a  function  of  time.  Four  experiments  were  conducted 
with  different  size  fire  crews  and  the  time  to  complete  each  scenario  was  recorded.  Fire 
department  manpower  recommendations  were  made  based  on  the  size  of  fire  crew  and 
time  relationship. 
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Summary 

The  literature  review  provided  the  background  on  risk,  methods  to  quantify  risk, 
and  decision  analysis.  It  also  provided  examples  of  risk,  manpower,  influence  diagrams, 
and  decision  trees  that  were  used  as  the  basis  for  this  research.  The  research  showed 
there  is  a  lack  of  literature  that  attempts  to  quantify  risk  and  determine  manpower  based 
on  this  quantification.  In  most  cases  the  manpower  levels  are  determined  or  subjectively 
assumed  prior  to  analysis.  This  study  quantified  the  risk  for  an  FES  flight  and  analyzes 
the  effect  different  manpower  levels  have  on  that  risk.  The  remaining  chapters  provide 
the  methodology  (Chapter  3),  the  data  collection  and  results  (Chapter  4),  and  the 
conclusion  (Chapter  5),  for  this  research. 
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III.  Methodology 


Introduction 

This  chapter  defines  the  methodology  used  to  determine  and  aggregate  risk  for 
associated  manpower  levels  (ML)  within  the  United  States  Air  Force  (USAF)  Fire  and 
Emergency  Services  (FES)  flights.  The  goal  of  the  research  is  to  create  a  decision  tool 
that  will  provide  insight  to  the  risk  FES  flights’  decision  makers  (DM)  assume  when 
determining  manpower  levels.  Risk  is  classically  quantified  by  identifying  the  risk 
scenarios  and  the  associated  likelihood  and  consequences  of  each  scenario.  Therefore,  in 
this  research,  the  aggregate  risk  is  a  function  of  the  risk  scenarios  an  FES  flight  may 
encounter,  each  scenario’s  likelihood,  and  the  associated  consequence.  A  risk  scenario  is 
a  combination  of  a  potential  need  for  an  FES  response  and  the  manpower  available  to 
respond.  The  formula  consists  of  the  following  three  components  (Haimes,  2004;  Kaplan 
and  Garrick,  1981): 

•  Sj  represents  risk  scenario  i  (combination  of  FES  alarms  and  manpower  level) 

•  Li  represents  the  likelihood  of  ith  scenario  (the  likelihood  of  each  scenario) 

•  Xj  represents  the  consequence  of  the  ith  scenario  (the  average  cost  in  dollars 
and  loss  of  lives) 

Kaplan  and  Garrick  (1981)  combined  the  variables  to  form  the  following  classic  risk 
equation,  Equation  (3.1).  The  c,  added  later  (Haimes,  2004),  symbolizes  that  the  list 
should  be  a  complete  list  of  scenarios. 

R  =  {<Si,Li,Xi>}c  (3.1) 
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General  Approach 

The  general  approach  of  this  research  is  a  slight  variation  of  the  methodology 
proposed  by  Clemen  and  Reilly  (2001)  and  Korte  (2003)  and  is  shown  in  Figure  2.1  and 
Figure  2.2,  respectively.  A  combination  of  the  two  methods  was  used  to  apply  Clemen 
and  Reilly  (2001)  decision  analysis  (DA)  techniques  to  a  risk  analysis  methodology 
similar  to  the  one  shown  in  Korte  (2003).  The  steps  are  shown  on  Figure  3.1. 
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Figure  3.1:  Model  of  the  Approach  Methodology 
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Figure  3.1  shows  the  individual  steps  of  the  methodology  used  in  this  study. 
Chapter  three  details  the  methodology  of  steps  1  through  11.  Chapter  4  addresses  the 
actual  analysis  and  presents  the  findings. 

Problem 

The  problem  is  to  determine  the  risk  associated  with  an  FES  flight’s  manpower  level 
and  then  to  determine  cost/benefit  relationship.  The  mitigation  technique  utilized  is 
varying  levels  of  manpower.  The  USAF  is  a  large  and  diverse  organization  and  FES 
flights  may  differ  from  one  other.  Because  of  the  possible  differences  in  risk  and 
manpower  decisions,  a  single  installation  with  its  associated  DM  is  used  to  validate  this 
approach  to  risk  quantification.  Dyess  Air  Force  Base  (AFB)  was  chosen  as  a 
representative  installation  to  show  the  applicability  of  the  methodology  and  the  model. 
The  DM  for  the  analysis  is  the  Deputy  Fire  Chief  at  Dyess  AFB,  who,  due  to  temporary 
duty  of  the  Fire  Chief,  was  acting  Fire  Chief  at  the  time  of  data  collection.  The  DM  has 
more  than  25  years  of  USAF  firefighting  experience  at  Dyess  AFB  and  more  than  27 
total  years  of  firefighting  experience.  This  research  is  studying  manpower  shortages  due 
to  a  standard  134-day  deployment.  However,  the  risk  analysis  was  run  over  the  time 
frame  of  one  24-hour  shift  or  one  day.  A  one-day  time  frame  was  chosen  because  it  is 
assumed  that  manpower  scheduling  can  be  done  on  a  shift-by-shift  basis. 

Model  Technique 

A  decision  tree  was  chosen  as  the  analytical  tool  used  to  quantify  Dyess  AFB  FES 
manpower  risk  for  a  deployment.  A  decision  tree  quantifies  a  decision  as  a  function  of 
scenarios,  scenario  probabilities,  and  outcomes  and  therefore,  provides  an  excellent 
structure  to  calculate  Equation  (3.1).  A  primary  benefit  of  decision  trees  is  the  ability  to 
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analyze  the  possible  outcomes  of  a  chance  event  and  the  impact  of  that  chance  event’s 
consequence.  A  decision  tree  also  allows  the  decision  maker  to  see  the  data  across  all  of 
the  alternatives  in  order  to  help  determine  the  preferred  decision  (Clemen  and  Reilly, 
2001).  In  a  decision  tree,  the  likelihood  (L,)  correlates  directly  to  the  probability  assigned 
to  a  chance  node,  the  risk  scenarios  (S;)  are  the  events  for  a  chance  node,  and  the  risk 
scenario  consequences  (X;)  correlate  with  the  consequences  or  outcomes  on  the  decision 
tree.  Precision  Tree  (2004)  software  is  used  to  create  and  analyze  the  decision  tree.  In 
this  software  a  decision  is  represented  by  a  square  node,  likelihood  by  a  circle  node,  and 
consequence  by  a  triangle  node.  A  consequence  can  be  entered  at  any  one  of  the  nodes, 
but  for  the  purposes  of  this  research,  consequences  were  only  entered  at  the  consequence 
nodes.  An  example  of  a  decision  tree  is  shown  in  Figure  3.2. 


Figure  3.2:  Decision  Tree  Example 
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The  decision  tree  will  be  “rolled  back”  to  calculate  the  expected  risk  value  for  each 
decision.  Once  the  model  is  populated,  the  next  step  is  to  calculate  the  chance  nodes, 
starting  on  the  right  of  the  decision  tree.  The  formula  for  the  calculation  of  a  chance  node 
is  shown  in  Equation  (3.2). 

CN’=ZXs„*Ls„  (3.2) 

Sn,  1 

where: 

n  represents  an  integer  1,  2,  3,  . . .,  total  number  of  chance  nodes 
CNn  represents  chance  node  n 
Sn  i  represents  and  scenario  i  of  node  n 
Xsn.i  represents  the  consequence  for  scenario  i  of  node  n 
LSn,i  represents  the  consequence  for  scenario  i  of  node  n 
Once  a  chance  node  is  calculated,  the  node  can  be  removed,  resulting  in  another  set  of 
consequence  nodes.  The  values  of  the  new  consequence  nodes  are  equal  to  the  value  of 
the  removed  chance  nodes.  This  process  is  repeated  until  only  a  single  decision  node 
remains. 

Alternatives 

The  alternatives  are  levels  of  manpower  as  a  percentage  of  assigned  manpower 
assigned  to  Dyess  AFB.  Manpower  levels  are  a  discrete  variable,  but  have  a  large 
number  of  possibilities.  In  order  to  create  an  operable  tool,  manpower  levels  were 
truncated.  A  100  %  manpower  level  is  defined  as  no  firefighters  deployed.  The 
minimum  manpower  level  is  defined  as  10%  because  at  the  10%  manpower  level,  there  is 
no  benefit  gained  by  even  having  an  FES  flight  at  Dyess  AFB.  A  standard  work  cycle  for 
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a  firefighter  is  six  24-hour  shifts  with  at  least  one  day  off  in  between  workdays.  After  the 
sixth  24-hour  shift,  the  firefighter  receives  a  day  off,  called  a  Kelly  day.  Due  to  training, 
pennanent  change  of  station  (PCS),  temporary  duty  (TDY),  administrative  duties, 
manpower  slots  not  filled,  injury,  Kelly  days,  etc.,  it  is  estimated  that  between  10%  and 
20%  of  firefighters  not  deployed  will  not  be  available  for  their  standard  shift  (Jones, 
2007).  The  10%  to  20%  reduction  in  manpower  available  is  referred  to  as  normal 
absences.  In  addition  to  the  normal  absences,  an  additional  five  firefighters  are  not 
available  for  alarm  response.  These  five  positions  are  the  shift  chief  and  two  emergency 
dispatchers  per  shift.  These  personnel  were  assumed  to  always  be  unavailable  and  were 
therefore,  not  considered  in  this  analysis.  Dyess  AFB  FES  flight  is  divided  into  two 
shifts.  A  maximum  100  %  manpower  level  is  detennined  to  be  the  maximum  and  a  10% 
manpower  level  is  the  minimum.  The  remaining  alternatives  were  divided  into  10% 
increments.  Tables  3.1  and  Table  3.2  show  the  manpower  level  breakdown  for  both  10% 
and  20%  nonnal  absences,  respectively.  Additionally,  a  decision  tree  with  the  manpower 
levels  is  presented  on  Figure  3.3. 
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Table  3.1 :  Manpower  Distribution  Chart  10%  Normal  Absences 


Manpower  Chart  10%  Normal  Absences 

Percentage 
of  Manpower 

Normal 

Manpower 

Available 

Minus  5 
(Dispatch/ 
Chief) 

Available 

After  Normal 

Absences 

Manpower 
Available 
per  Shift 

100% 

77.00 

72.00 

64.30 

32  15 

90% 

69.30 

64.30 

57.37 

28.69 

80% 

61.60 

56.60 

50.44 

25.22 

70% 

53.90 

48.90 

43.51 

21.76 

60% 

46.20 

41.20 

36.58 

18  29 

50% 

38.50 

33.50 

29.65 

14.83 

40% 

30.80 

25.80 

22.72 

11.36 

30% 

23.10 

18.10 

15.79 

7.89 

20% 

15.40 

10.40 

8.86 

4.43 

10% 

7.70 

2  70 

1.93 

0.96 

0% 

0.00 

0.00 

0.00 

0.00 

Table  3.2:  Manpower  Distribution  Chart  20%  Normal  Absences 


Manpower  Chart  20%  Normal  Absences 

Percentage 
of  Manpower 

Normal 

Manpower 

Available 

Minus  5 
(Dispatch/ 
Chief) 

Available 

After  Normal 

Absences 

Manpower 
Available 
per  Shift 

100% 

77.00 

72.00 

56.60 

28.30 

90% 

69.30 

64.30 

50.44 

25.22 

80% 

61.60 

56.60 

44.28 

22  14 

70% 

53.90 

48.90 

38  12 

19.06 

60% 

46.20 

41.20 

31.96 

15.98 

50% 

38.50 

33.50 

25.80 

12.90 

40% 

30.80 

25.80 

19.64 

9  82 

30% 

23.10 

18.10 

13.48 

6.74 

20% 

15.40 

10.40 

7.32 

3.66 

10% 

7.70 

2  70 

1  16 

0.58 

0% 

0.00 

0.00 

0.00 

0.00 
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Risk  Scenarios 

An  exhaustive  list  of  risk  scenarios  must  be  developed  to  provide  a  complete  risk 
analysis.  Additionally,  a  requirement  for  using  a  decision  tree  is  that  each  risk  scenario 
must  be  mutually  exclusive,  meaning  there  is  only  one  possible  combination  of  outcomes. 
FES  flights  are  very  dynamic  and  cover  a  wide  range  of  responsibilities.  The  list  of 
possible  risk  scenarios  is  large  and  virtually  impossible  to  develop.  Therefore,  the 
scenarios  were  categorized  similarly  to  Kaplan  and  Garrick  (1981).  In  order  to 
categorize  the  risk  scenarios  for  an  FES  flight,  a  complete  list  of  FES  responsibilities  was 
created  first.  Each  of  these  responsibilities  is  a  category  that  represents  multiple  risk 
scenarios.  Table  3.3  shows  the  list  of  Fire  Protection  Flight  responsibilities  created  at  the 
Fire  Reshaping  Conference  (2006). 
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Table  3.3:  FES  Responsibility  List  (Fire  Reshaping  Conference,  2006) 


Core  Missions 

Non-Core  Mission 

Firefighting 

Firefighting 

Aircraft 

Wildland 

Structural 

Mutual  Aid 

Vehicle 

Weapons  Storage  Area 

Equipment 

High-rise  Building 

Brush/Grass 

Transient  Aircraft 

HAZMAT 

HAZMAT 

Offensive 

Biological/Chemical/WMD 

Defensive 

Railway 

Public  Highway 

Rescue 

Rescue 

Fire 

Water 

V  ehicle/Equipment 

High  Angle 

HAZMAT 

Fuel  Cell/Tank 

Confined  Space 

Trench 

EMS  Support 

EMS  Support 

Sudden  Illness 

Basic  Life  Support 

Injury 

Advanced  Life  Support 

Transport 

In  order  to  reduce  the  combinatorial  aspects  of  the  tool,  the  DM  wase  asked  to 
rank  the  responsibilities.  An  additional  category  “Other”  is  also  created  that  includes  all 
other  risk  scenarios.  The  DM  was  asked  to  determine  and  rank  the  three  most  important 
FES  responsibilities  in  reference  to  manpower  decisions  at  Dyess  AFB.  Consequently, 
all  responsibilities  not  specifically  modeled  were  considered  part  of  the  “Other”  category 
Table  3.4  shows  this  ranking. 
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Table  3.4:  Top  Three  FES  Responsibilities  with  Regards  to  Manpower  (Jones,  2007) 


Rank 

FES  Responsibility 

1 

Aircraft  Response  (Aircraft) 

2 

Structural  Response  (Structural) 

3 

Hazardous  Material  Response  (HAZMAT) 

The  ranking  resulted  in  four  categories  to  be  modeled:  Aircraft  Response, 
Structural  Response,  Hazardous  Materials  Response,  and  “Other”  Response.  The  four 
categories  are  defined  in  Table  3.5. 


Table  3.5:  Risk  Category  Definitions 


Risk  Category 

Definition 

Aircraft 

Any  FES  response,  thought  to  be  an  emergency  or  potential 
emergency  response,  in  which  FES  manpower  is  deployed  in  a 
manner  consistent  with  Aircraft  Rescue  and  Fire  Fighting  (ARFF). 

Structural 

Any  FES  response,  thought  to  be  an  emergency  or  potential 
emergency  response,  in  which  FES  manpower  is  deployed  in  a 
manner  consistent  with  Structural  Rescue  and  Response. 

HAZMAT 

Any  FES  response,  thought  to  be  an  emergency  or  potential 
emergency  response,  in  which  FES  manpower  is  deployed  in  a 
manner  consistent  with  Hazardous  Materials  Rescue  and  Fire 

Fighting. 

Other 

An  FES  response,  thought  to  be  an  emergency  or  potential 
emergency,  for  any  reason  outside  of  the  reasons  listed  above. 

It  was  assumed  the  categories  were  independent;  meaning  the  likelihood  of  an 
occurrence  in  one  category  does  not  change  the  likelihood  of  an  occurrence  in  another 
category.  In  order  to  insure  the  categories  were  independent,  any  alarm  or  response  that 
is  part  of  two  categories  was  considered  as  a  part  of  the  initiating  category.  For  example, 
if  an  aircraft  fire  starts  a  building  on  fire,  the  structural  emergency  was  considered  part  of 
the  aircraft  emergency  and  therefore  be  counted  under  the  Aircraft  category.  All 
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responsibilities  that  require  FES  manpower,  but  were  not  considered  emergencies  or 
potential  emergencies,  were  assumed  to  be  included  in  the  normal  absences.  The  risk 
categories  were  dissected  further  into  two  secondary  risk  categories.  The  secondary  risk 
categories  are  listed  and  defined  in  Table  3.6. 


Table  3.6  Secondary  Category  Definitions 


Secondary 

Category 

Definition 

Yes 

There  is  an  alarm  and  it  is  an  emergency  or  potential  emergency  in  that  risk 
category 

False 

There  is  an  alann,  it  is  in  that  category,  but  there  is  no  emergency  or 
reasonable  potential  for  an  emergency  for  that  alann. 

The  result  of  combining  the  risk  categories  and  secondary  risk  categories  was 
eight  sub-categories.  These  sub-categories  are  dichotomous,  meaning  they  each  have 
only  two  possible  outcomes  per  risk  scenario.  The  two  outcomes  are  “Occur,”  which 
means  there  was  an  occurrence  of  an  alann  in  that  sub-category  and  “No,”  which  means 
there  was  no  occurrence  of  an  alarm  in  that  sub-category.  A  risk  scenario  was  defined  as 
the  combination  of  outcomes  in  the  eight  individual  sub-categories.  For  example  one 
possible  outcome  is:  “Aircraft- Yes,  Occurs”  /  “Aircraft-False,  No”  /  “Structural-Yes, 
No”  /  “Structural-False,  Occurs”  /  “HAZMAT-Yes,  No”  /  HAZMAT-False,  No”  / 
“Other-Yes,  Occurs”  /  “Other-False,  Occurs.”  The  possible  risk  scenarios  will  be 
discussed  further  in  the  modeling  step  of  the  methodology.  The  eight  dichotomous  sub¬ 
categories  per  risk  scenario  resulted  in  256  potentially  unique  risk  scenarios  and 
consequences  per  manpower  level. 
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Consequences 

Consequences  were  determined  using  the  combination  of  historical  data  and  the 
expert  opinion  of  the  DM.  Historical  data  was  used  to  detennine  the  consequences  for 
the  average  manpower  level.  It  was  assumed  the  historical  consequence  data  represents 
the  100%  manpower  level  alternative.  Although  manpower  has  fallen  below  the  100% 
level  during  the  data  collection  period,  it  was  considered  a  conservative  estimate.  From 
this  data  an  expected  cost  per  alarm  in  each  sub-category  was  calculated.  The  remaining 
consequence  data  were  detennined  by  soliciting  the  DM’s  expert  opinion.  The  DM  was 
asked  to  determine  manpower  risk  factors  for  each  manpower  level.  A  manpower  risk 
factor  is  the  factor  that  represents  the  increase  in  the  consequences  due  to  changes  in  the 
manpower  level.  Consequences  were  measured  in  the  following  two  areas: 

•  Total  Cost  (TC)  (Material  Loss  +  Response  Costs) 

•  Loss  of  Life  (LOL) 

Total  cost  (TC)  is  the  sum  of  material  loss  and  response  costs.  Material  loss  is  the 
FES  reportable  dollar  loss  associated  with  the  cost  to  repair,  replace,  or  otherwise  rectify 
a  loss  as  a  result  of  damage  caused  by  an  incident.  Response  costs  are  the  costs  of  the 
response  itself.  They  were  reported  in  the  Automated  Civil  Engineer  System  -  Fire 
Department  (ACES-FD)  and  they  are  the  cost  of  manpower  to  respond  and  vehicle  “wear 
and  tear,”  based  on  the  time  of  response  (Jones,  2007).  Loss  of  life  (LOL)  is  the  total 
number  of  fatalities  sustained  by  firefighters  and  non-firefighters  as  a  result  of  an 
incident. 

In  order  to  avoid  unintentional  weighting,  the  consequences  were  converted  into 
the  same  units.  The  unintentional  weighting  is  a  result  of  loss  of  life  being  a  relatively 
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small  number  compared  to  total  cost.  There  was  enough  difference  in  the  consequences 
that  loss  of  life  would  have  made  a  very  minimal  impact  on  the  risk  analysis  if  a  common 
unit  was  not  developed.  The  intention  of  this  research  was  to  allow  the  DM  to  determine 
the  relationship  between  the  consequences;  therefore,  the  consequences  need  to  be  in 
common  units.  A  linear  single  dimension  value  function  (SDVF),  Equation  (3.3),  was 
used  to  calculate  a  common  unit  for  the  consequences  (Kirkwood,  1997).  The  SDVF  is 
assumed  to  be  linear  to  simplify  the  model.  Justification  for  the  assumption  is  provided 
in  Chapter  2. 


Greatest^  Xt  -  Xt  j 

Greatest(x  t . )  -  Smallest{x  ij ) 


(3.3) 


where: 

Xij  represents  the  value  of  the  consequence  for  S',  and  consequence  j 
Greatest  (Xj)  represents  the  largest  value  for  all  S,  and  consequence  j 
Smallest  (Xj)  represents  the  smallest  value  for  all  S,  and  consequence  j 
v(Xij)  represents  the  value  of  consequence  XtJ  in  risk  mitigation  units 


Equation  (3.3)  linear  normalizes  the  consequences,  meaning  they  have  a  value 
between  0  and  1 .  The  equation  converted  the  consequences  from  their  original  units, 
dollars  and  lives,  to  a  constructed  unit  called  risk  mitigation.  Risk  mitigation  units  are 
defined  as  units  that  represent  an  FES  flight’s  ability  to  mitigate  the  risk  that  falls  within 
the  list  of  the  FES  flight’s  responsibilities.  In  the  case  of  the  original  units,  dollars  and 
lives,  less  is  better;  in  the  case  of  risk  mitigation  units,  more  is  better.  Therefore,  the  tree 
now  changes  from  a  minimization  problem  to  a  maximization  problem. 
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Once  the  consequences  were  converted  to  a  single  unit,  the  trade-off  values  for 
the  consequences  were  determined  for  the  consequences  and  they  were  combined  using  a 
linear  additive  value  function  similar  to  Kirkwood  (1997).  One  of  the  requirements  of 
the  additive  value  function  is  mutual  preferential  independence,  meaning  the  value  placed 
on  a  consequence  does  not  depend  on  the  value  of  the  other  consequence.  Loss  of  life 
and  total  cost  are  preferentially  independent  of  each  other,  therefore,  the  additive  value 
function  was  used.  The  consequences  were  given  weights  and  a  single  consequence  was 
determined  by  using  the  additive  value  function  seen  in  Equation  (3.4)  and  Equation 
(3.5). 

'<*0) = X>X*  J  <3-4> 

1 

V(^C,i)  =  WTCVi^TC,i )  WLOLV(X LOL,i)  (3-5) 

where: 

n  represents  the  number  of  consequences 

v(Xc,i)  represents  the  combined  single  consequence  value  for  S, 

wj  represents  the  weight  of  consequence  j 

wtc  represents  the  weight  of  the  total  cost  consequence 

wlol  represents  the  weight  of  loss  of  life  consequence 

v(XTc,i)  represents  the  SDVF  value  of  the  total  cost  consequence  for  S, 

v(XLoi,i)  represents  the  SDVF  value  of  the  total  cost  consequence  for  S) 

To  weight  the  consequences  the  DM  was  asked  to  determine  a  relative  importance 
of  each  consequence.  The  weights  were  used  in  Equation  (3.5)  and  a  single  consequence, 
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v(Xc),was  calculated  for  each  risk  scenario.  The  single  consequence  was  entered  into  the 
decision  tree  for  analysis.  It  was  assumed  the  consequences  from  one  event  were  not 
affected  by  the  fact  there  was  another  event  occurring.  In  addition,  mutual  aid  assistance 
from  outside  departments  was  not  considered  in  this  model.  However,  incidents  in  which 
Dyess  AFB  provided  mutual  aid  were  modeled. 

Cost/Benefit  Consequence 

An  estimate  was  performed  to  calculate  the  cost  of  contractor  labor.  This  cost,  called 
contractor  cost  (CC)  was  calculated  using  estimates  from  a  cost  analysis  completed  by 
Dyess  AFB  in  2002  in  the  document  Temporary  (Intermittent)  Firefighter  Plan  (2002). 
Dyess  AFB  FES  flight  has  77  pennanently  assigned  firefighters,  including  normal 
absences.  Therefore,  a  10%  difference  in  manpower  was  estimated  at  about  7.7 
firefighters.  The  worst-case  scenario  was  59  shifts  for  a  contract  firefighter  during  a 
standard  four-month  deployment  with  14  days  of  reconstitution  time.  The  cost 
breakdown  per  contracted  employee  per  deployment  can  be  seen  in  Table  3.7. 
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Table  3.7:  Cost  Breakdown/Contracted  Employee  per  Deployment  (2002  dollars) 


Cost  Breakdown/Contracted  Employee 

Sub-Value 

(2002) 

Cost/  One  Contracted  Employee 
Over  Entire  Deployment  (2002) 

Cost/24-H our  Shift 

$311.68 

$311.68 

Cost  of  Training 

$890.40 

$890.40 

Cost  of  Outfitting 

$2,833.41 

$2,833.41 

Cost  of  Books 

$30.00 

$30.00 

Worst  Case  24-Hour  Shift  T otal 

59 

59 

Total  Hour  Cost 

59  x  $311.68 

$18,389.12 

Total  Cost/Contracted  Employee  For  Deployment 

$22,142.93 

Number  Contractors  Representing  10% 

7.7 

7.7 

Total  Cost  Contractor  to  Raise  Manpower  by  10% 

7.7  x  $22,142.93 

(2002  Dollars) 
$170,500.56 

The  contractor  cost  (CC)  to  replace  10%  of  the  FES  manpower  was  therefore 
estimated  to  be  $  170,500.56  (2002  dollars).  In  order  to  convert  to  2007  dollars,  an 
inflation  index  was  used.  The  Deputy  Assistant  Secretary  for  Cost  and  Economics 
(SAF/FMC)  is  required  to  publish  USAF  inflation  indices  annually.  SAF/FMC  (2007) 
uses  Equation  (3.6)  to  calculate  raw  inflation  rates. 

II  =  i  *  (1  +  Ratei+l)*  (1  +  Ratei+2 )  *  ...(1  +  Ratei+n)  (3.6) 

where : 

II  represents  the  Inflation  Index  for  the  desired  year 
i  represents  the  base  year  as  a  1.0  (2002) 

Ratei+i... Ratei+n  represents  the  change  in  inflation  rate  between  years 
n  represents  desired  year  of  inflation  index  -  base  year  (2007  -  2002) 
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The  operations  and  maintenance,  non-pay,  non-POL  raw  inflation  index  was  used 
for  the  conversion  to  2007  dollars.  The  inflation  rate  factor  is  1.1 1917291394 
(SAF/FMC).  The  2007  contractor  cost  to  replace  10%  of  the  FES  manpower  is 
$170,500.56  *  1.1 1917291394  =  $190,819.61.  This  amount  is  the  total  for  an  entire 
deployment.  Because  the  time  frame  being  analyzed  was  one  24-hour  shift,  it  was 
divided  by  the  number  of  24-hour  shifts  during  a  deployment.  The  estimation  used  was 
134  days;  therefore,  the  contractor  cost  per  24-hour  shift  for  a  deployment  is  $190,819.61 
/  134  =  $1,424.03 

The  contractor  cost  is  preferentially  dependent  on  the  expected  risk  mitigation 
value  (ERM),  meaning  the  value  the  DM  places  on  money  spent  for  contract  firefighters 
changes  for  different  ERM  values.  The  additive  value  function,  Equation  (3.4),  requires 
mutual  preferential  independence;  therefore,  an  additive  value  function  was  not  used  to 
combine  contractor  cost  and  ERM  into  the  single  consequence.  Instead,  a  series  of  pareto 
optimal  graphs  were  created  to  represent  the  cost/benefit  relationship. 

Likelihood 

Likelihood  per  24-hour  period  was  calculated  using  the  Poisson  distribution.  Poisson 
distributions  are  used  to  determine  the  likelihood  of  a  given  number  of  incidents  over  a 
time  period.  The  equation  to  calculate  Poisson  likelihood  is  shown  in  Equation  (3.7)  and 
the  equation  used  to  detennine  A,-  is  shown  in  Equation  (3.8). 
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(3.7) 


P(Aj  =  k)  = 


k\ 


(3.8) 


where: 

Af  represents  the  number  of  alarms  in  sub-category  i 
k  represents  an  integer  greater  than  or  equal  to  zero 
P(Ai=k)  represents  the  probability  that  A,=k 
X i  is  the  expected  number  of  alarms  in  a  sub-category  i 
Ni  is  the  number  of  responses  in  a  sub-category  i 
Dj  is  the  total  number  of  time  periods  in  which  the  N  data  was  collected 
The  Ni  values  were  determined  using  historical  data  and  D,  was  the  number  of 
days  over  which  the  Nt  data  was  collected.  After  N  and  D,  were  determined,  was 
calculated  for  each  sub-category.  The  Poisson  likelihood  was  detennined  for  P(Aj=0) 
representing  no  alarms  in  the  24-hour  time  period.  Each  chance  event  of  a  decision  tree 
must  be  mutually  exclusive;  meaning  the  sum  of  all  the  probabilities  must  equal  one. 
Therefore,  1  -  P(Ai=0)  was  used  as  the  likelihood  of  the  occurrence  of  at  least  one  alarm 
in  the  24-hour  time  period.  However,  it  is  assumed  that  all  P(At>0)  have  the  same 
consequence  regardless  of  the  value  of  At.  Once  the  risk  categories  and  the  modeling 
technique  were  identified,  the  decision  was  be  modeled.  The  first  part  of  modeling  the 
decision  is  developing  an  influence  diagram. 
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Decision  Models 


Influence  Diagram 

An  influence  diagram  was  used  to  provide  a  simple,  visual  representation  of  the 
model.  Precision  Tree  (2004)  software  was  used  to  create  the  influence  diagram.  In  this 
software,  a  rectangle  represents  a  decision  or  an  alternative,  a  circle  represents  a  chance 
node  or  a  category  and  the  associated  likelihood  and  consequences,  a  rectangle  with 
rounded  corners  represents  a  calculation,  and  a  diamond  represents  the  desired  outcome. 
The  influence  diagram  can  be  seen  in  Figure  3.4.  For  the  purposes  of  this  research,  the 
influence  diagram  is  a  reference  only  and  will  not  be  used  for  calculation. 


Figure  3.4:  Influence  Diagram 
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Decision  Tree  Models 


The  second  part  of  the  modeling  process  was  creating  the  decision  tree.  A 
decision  tree  was  created  from  the  influence  diagram.  The  resulting  decision  tree  was  too 
large  and  therefore,  it  was  divided  into  sections.  The  two  sections  are  the  Aircraft  and 
Structural  risk  sub-category  tree  and  the  HAZMAT  and  “Other”  risk  sub-category  tree. 
Each  termination  node  in  the  Aircraft  and  Structural  risk  sub-category  tree  is  linked  to  a 
unique  HAZMAT  and  “Other”  risk  sub-category  tree.  In  addition,  each  manpower  level 
has  potential  for  unique  consequences.  There  are  ten  manpower  levels  in  each  model  for 
a  total  of  2,560  potentially  unique  single  consequences,  v(Xc),  per  model.  The  decision 
tree  more  clearly  illustrates  a  risk  scenario  as  being  any  combination  of  “Occur”  or  “No” 
over  the  eight  sub-categories.  The  likelihood  of  a  risk  scenario  is  the  product  of  the 
outcome’s  likelihood  and  the  consequence  is  a  summation  of  the  v(Xq )  for  each  of  the 
sub-categories.  A  sample  of  the  Aircraft  and  Structural  risk  sub-category  tree  and  the 
HAZMAT  and  “Other”  risk  sub-category  tree  can  be  seen  in  Figure  3.5  and  Figure  3.6, 
respectively. 
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Figure  3.5:  Aircraft  and  Structural  Risk  Sub-Category  Tree 
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Figure  3.6:  FIAZMAT  and  Other  Risk  Sub-Category  Tree 
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Decision  Rules 


The  information  was  presented  to  the  decision  maker  in  two  ways.  The  first  way  was 
the  expected  risk  mitigation  values  (ERM).  ERM  is  calculated  by  “rolling  back”  the  tree 
and  detennining  the  expected  value  of  risk  mitigation.  The  second  way  was  the  results  of 
a  cost/benefit  analysis.  A  cost/benefit  was  calculated  by  using  the  cost  to  raise  the 
manpower  available  level  through  the  use  of  contract  firefighters,  to  the  manpower  level. 
It  assumed  a  one  to  one  exchange  between  deployed  FES  manpower  and  contracted 
manpower.  Both  ERM  and  cost/benefit  are  presented  in  tabular  form  and  via  pareto 
optimal  graphs. 

Sensitivity  Analysis 

Sensitivity  analysis  was  used  to  check  the  decision  tree’s  sensitivity  to  variation  in 
the  likelihood,  consequence,  or  weighting  data.  The  goal  of  sensitivity  analysis  is  to 
determine  what  values  could  cause  a  change  in  the  preferred  solution.  However,  in  this 
research,  the  attempt  was  to  provide  insight  to  the  DM  to  allow  for  a  more  informed 
decision.  Therefore,  sensitivity  analysis  was  used  to  determine  what  uncertainties  the 
expected  risk  mitigation  value  was  most  sensitive  too. 

Summary 

The  methodology  and  the  model  were  completed.  The  next  step  was  to  collect  the 
data  and  population  the  model.  The  model  was  then  run  and  the  results  were  analyzed. 
Chapter  4  is  a  discussion  of  data  collection  and  the  results.  Chapter  5  provides  a 
discussion  of  the  results. 
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IV.  Results  and  Analysis 


Introduction 

There  are  three  purposes  for  this  chapter.  The  first  purpose,  is  to  collect  data  from 
the  test  organization.  The  test  organization  is  the  Fire  and  Emergency  Services  (FES) 
flight  at  Dyess  Air  Force  Base  (AFB).  The  second  purpose  is  to  apply  the  methodology 
discussed  in  Chapter  3  to  the  test  case.  The  third  purpose  is  to  analyze  the  results  and  run 
sensitivity  analysis. 

Data  Collection 

Data  was  collected  from  a  variety  of  sources.  Additionally,  both  objective  and 
subjective  data  was  used.  Subjective  data  was  collected  from  the  decision  maker  (DM), 
the  Deputy  Fire  Chief  for  Dyess  AFB’s  FES  flight.  He  is  a  subject  matter  expert  (SME) 
with  27  years  firefighting  experience,  more  importantly,  has  25  years  firefighting 
experience  at  Dyess  AFB.  Historical  data  was  collected  from  the  National  Fire  Incident 
Reporting  System  (NFIRS),  Automated  Civil  Engineer  System-Fire  Department  (ACES- 
FD),  The  Naval  Safety  Center,  and  internal  data  kept  at  Dyess  AFB.  All  USAF 
installations  are  required  to  input  FES  incident  information  into  NFIRS  as  of  1  January 
2006.  The  FES  Reshaping  Conference  (2006)  estimates  NFIRS  data  and  ACES-FD  data 
to  be  95%  accurate  over  range  in  which  data  was  collected. 

Manpower  Risk  Factor 

Manpower  risk  factors  are  subjective  measures  that  measure  the  change  in 
consequences  due  to  the  change  in  manpower.  Since  the  range  of  normal  absences  (NA) 
was  estimated  between  10%  and  20%,  manpower  risk  factors  were  collected  at  both  the 
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10%  and  20%  NA  level.  The  DM  was  asked  to  determine  the  change  in  risk  as  the 
manpower  level  (ML)  level  decreased.  The  assumptions  were  normal  working  hours  (no 
overtime),  no  mutual  aid  received  and  a  time  frame  of  one  24-hour  shift  during  a  134-day 
deployment. 

The  DM  stated  that  the  risk  would  not  increase  until  response  capability  fell 
below  National  Fire  Protection  Association  (NFPA)  standards.  The  standards  require  an 
18-man  crew  response  to  an  Aircraft  emergency  and  a  12-man  crew  to  both  a  Structural 
and  HAZMAT  emergency.  The  response  estimated  for  an  “Other”  emergency  was  a  4- 
man  crew.  A  4-man  crew  was  chosen  because  most  of  the  responses  in  the  “Other” 
category  require  only  a  rescue  truck  and  a  fully  manned  rescue  truck  requires  four 
firefighters.  In  addition,  the  FES  flight  has  “staff’  positions  or  positions  within  the  FES 
flight  where  personnel  are  assigned  duties  outside  of  normal  firefighting  shift  work.  The 
DM  determined  that  most  “staff’  positions  could  be  placed  into  firefighting  roles,  for  the 
length  of  a  deployment,  without  increasing  the  risk.  However,  five  staff  positions  must 
always  remain  to  perform  the  dispatch  and  command  and  control  duties  (Jones,  2007). 
The  results  of  the  correspondence  can  be  seen  on  Table  4. 1  and  Table  4.2  for  the  10% 
and  20%  normal  absence,  respectively. 
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Table  4. 1 :  Manpower  Risk  Factor  Data  for  10%  Normal  Absences  (Jones,  2007) 


Increase  Factor  on  Consequences  for  Manpower  Levels  (10%  Normal  Absences) 

Manpower 
Level  (%) 

Aircraft 

Structural 

HAZMAT 

Other 

LOL 

TC 

LOL 

TC 

LOL 

TC 

LOL 

TC 

100 

- 

- 

- 

- 

- 

- 

- 

- 

90 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

80 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

70* 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

60** 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

50** 

1.20 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

40 

1.40 

1.20 

1.20 

TOO 

1.40 

TOO 

TOO 

TOO 

30 

1.60 

1.40 

1.40 

1.20 

1.70 

1.30 

TOO 

TOO 

20 

1.80 

1.60 

1.80 

1.50 

2.00 

1.60 

TOO 

TOO 

10 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

0 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

*  Start  Folding  in  "Staff"  for  Aircraft 

”  Start  Folding  in  "Staff”  for  Structural  and  HAZMAT/No  "Staff"  Remain  for  Aircraft 
***  No  "Staff"  Remain  for  Structural  and  HAZMAT 


Table  4.2:  Manpower  Risk  Factor  Data  for  20%  Normal  Absences  (Jones,  2007) 


Increase  Factor  on  Consequences  for  Manpower  Levels  (20%  Normal  Absences) 

Manpower 
Level  (%) 

Aircraft 

Structural 

HAZMAT 

Other 

LOL 

TC 

LOL 

TC 

LOL 

TC 

LOL 

TC 

100 

- 

- 

- 

- 

- 

- 

- 

- 

90 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

80 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

70* 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

60** 

1.20 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

50** 

1.40 

1.20 

TOO 

TOO 

TOO 

TOO 

TOO 

TOO 

40 

1.60 

1.40 

1.20 

1.10 

1.40 

1.10 

TOO 

TOO 

30 

1.70 

1.50 

1.40 

1.20 

1.70 

1.30 

TOO 

TOO 

20 

1.90 

1.70 

1.80 

1.50 

2.00 

1.60 

TOO 

TOO 

10 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

0 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

*  Start  Folding  in  "Staff"  for  Aircraft 

**  Start  Folding  in  "Staff"  for  Structural  and  HAZMAT/No  "Staff"  Remain  for  Aircraft 
***  No  "Staff"  Remain  for  Structural  and  HAZMAT 
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A  value  of  1 .0  as  a  manpower  risk  factor  means  there  is  no  change  in  the 
consequence  from  the  100%  manpower  level  and  a  value  of  2.0  means  there  is  a  100% 
increase  from  the  100%  manpower  level.  To  determine  the  consequence  for  a  sub¬ 
category  and  a  specific  manpower  level,  the  corresponding  manpower  risk  factor  is 
multiplied  by  the  consequence  for  100%  manpower  level.  For  example,  to  determine  the 
consequence  for  20%  normal  absence,  aircraft  loss  of  life  consequence,  and  40% 
manpower  available,  the  100%  consequence  was  multiplied  by  1.60. 

Likelihood  Data 

The  likelihood  data  was  calculated  using  the  Poisson  distribution  and  the  Poisson 
likelihood  equations  shown  in  Equation  (3.6)  and  Equation  (3.7).  Historical  data  from 
the  ACES-FD  database  was  used  to  determine  the  number  of  responses  (N,).  The  ACES- 
FD  data  between  1  January  2004  and  25  January  2007  (1 120  days)  was  compiled  and  the 
data  was  broken  down  by  sub-category  (Brown,  2007;  Jones,  2007).  A  summary  of  the 
number  of  responses  (N,)  can  be  seen  on  Table  4.3.  A  complete  list  of  the  ACES-FD  data 
can  be  seen  in  Appendix  A. 


Table  4.3:  Summary  of  ACES-FD  Number  of  Responses  Data 


Summary  of  ACES-FD  Number  of  Responses  Data  ( 1  January  2004  to  25  January  2007) 

Total  Responses 

3107 

Aircraft  Response 

Structural  Response 

HAZMAT  Response 

Other  Response 

Omitted 

Yes 

False 

Yes 

False 

Yes 

False 

Yes 

False 

Total 

569 

962 

474 

490 

111 

54 

249 

26 

172 

The  172  items  that  were  omitted  in  Table  4.3  were  training  performed  by  the  FES 
flight.  This  training  was  deleted  from  the  number  of  responses  data  because  training  was 
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already  accounted  for  in  the  normal  absence  calculations.  A  was  determined  to  be  1120 
for  all  sub-categories  because  that  was  the  number  of  24-hour  shifts  over  which  the  Nj 
data  was  collected.  Once  the  Nj  and  the  A  were  determined,  Equation  (6)  and  Equation 
(7)  were  used  to  calculate  %  P( A ,=()),  and  1  -  P(Ai=0).  In  decision  trees  the  branches  of 
a  chance  event  must  be  mutually  exclusive.  Calculating  the  likelihood  using  the  method 
stated  above  maintains  the  mutual  exclusivity,  but  it  does  combine  the  P(Ai  >  1)  into  the 
“Occur”  branch  for  each  sub-category.  Although  there  is  a  likelihood  associated  with 
more  than  one  alarm  in  a  sub-category,  it  was  assumed  the  consequences  were  the  same 
for  all  likelihood  1  -  P(Aj=0).  Table  4.4  shows  a  summary  of  the  likelihood  data. 


Table  4.4:  Summary  of  the  Poisson  Distribution  Likelihood  Data 


Summary  of  Likelihood  Data  Using  Poisson  Distribution  ( 1  January  2004  to  25  January  2007) 

Total  Number  of  Days  1120 

Aircraft  Response 

Structural  Response 

HAZMAT  Response 

Other  Response 

Yes 

False 

Yes 

False 

Yes 

False 

Yes 

False 

Ai 

0  50804 

0  85893 

0  42321 

0  43750 

0  09911 

0  04821 

0  22232 

0  02321 

P(Aj=0) 

0  60168 

0  42362 

0  65494 

0  64565 

0  90565 

0  95293 

0  80066 

0  97705 

1  -  P(A,=0) 

0  39832 

0.57638 

0  34506 

0  35435 

0  09435 

0  04707 

0 19934 

0.02295 

Total  Cost  (TC)  Consequence  Data  100%  Manpower  Level 
Historical  data  was  collected  for  the  total  cost  (XTc)  consequence.  It  was 
assumed  the  historical  XTc  data  was  the  data  for  the  100%  manpower  level.  All  of  the 
consequence  data  was  a  direct  measure,  with  the  exception  of  the  proxy  or  indirect 
measure  for  the  “HAZMAT-Yes,  Occur”  material  cost  consequence.  The  historical  data 
was  averaged  and  assumed  to  be  the  consequence  for  the  “Occur”  outcome  100% 
manpower  level  sub-categories.  The  average  total  cost  for  a  sub-category  was  equal  to 
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the  response  cost  for  the  sub-category  plus  the  material  cost  for  the  sub-category.  By 
definition  the  “No”  outcome,  for  each  sub-category,  had  no  total  cost  consequence.  A 
summary  of  the  XTC  can  be  seen  in  Table  4.9. 

Response  Cost 

Response  costs  are  as  reported  in  ACES-FD  which  calculates  response  costs 
monetarily  as  a  function  of  manpower  and  “wear  and  tear”  on  the  vehicle  costs  (Jones, 
2007).  The  categorized  ACES-FD  data  discussed  earlier  was  used  for  the  calculation  of 
the  response  cost  consequences  and  is  summarized  in  Table  4.5. 


Table  4.5:  Summary  of  ACES-FD  Response  Cost  Data 


Summary  of  ACES-FD  Response  Cost  (S)  Data  ( 1  January  2004  to  25  January  2007) 

Aircraft  Response 

Structural  Response 

HAZMAT  Response 

Other  Response 

Omitted 

Yes 

False 

Yes 

False 

Yes 

False 

Yes 

False 

Total 

57.190  50 

129.415  28 

24.795  80 

22.360.22 

9.359.64 

3.462  56 

7.813.31 

1.417  29 

14.220  68 

A  complete  list  of  the  ACES-FD  data  and  breakdown  can  be  seen  in  Appendix  A. 
An  average  response  cost  per  sub-category  occurrence  was  calculated.  The  average 
response  cost  per  sub-category  was  calculated  by  dividing  the  total  response  cost  (Table 
4.5)  by  the  number  of  sub-category  occurrences  (Table  4.3).  A  summary  of  the  response 
cost  data  for  100%  manpower  level  can  be  seen  on  Table  4.9. 
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Material  Cost 


The  material  cost  for  the  “Aircraft- Yes,”  “Structural- Yes,”  and  “Other- Yes” 
alarm  occurrences  was  calculated  using  a  fire  loss  database  maintained  by  Dyess  AFB’s 
FES  flight  (Jones,  2007).  A  query  was  performed  over  the  time  frame  (1  January  2004  to 
24  January  2007).  The  material  cost  for  HAZMAT  could  not  be  measured  in  the  same 
manner  as  the  other  material  costs.  Dyess  AFB’s  FES  flight  is  responsible  for 
containment  of  FIAZMAT  emergencies.  Therefore,  cost  is  not  tracked  by  the  FES  flight. 
It  was  determined  that  a  reasonable  material  cost  for  HAZMAT  responses  in  terms  of  the 
FES  flight’s  responsibility  was  the  total  cost  of  clean-up  supplies  used  (Jones,  2007). 

The  cost  data  for  clean-up  supplies  could  only  be  tracked  for  one  year.  The  2006  cost 
data  for  clean-up  supplies  was  obtained  from  the  contractor  responsible  for  supplying 
Dyess  AFB  with  the  materials  (Brigham,  2007).  By  definition,  there  is  no  material  loss 
for  “False”  alarms  occurrence.  Table  4.6  summarizes  the  material  cost  results. 


Table  4.6:  Material  Cost  Summary 


Material  Cost  Data  (Losses  in  Data  Range) 

Aircraft  ($) 

Structural  ($) 

HAZMAT*  ($) 

Other  ($) 

7,000,000.00 

10,000.00 

650.00 

75.00 

20,000.00 

300.00 

457.60 

50,000.00 

Totals 

7,020,000.00 

60,300.00 

1,107.60 

75.00 

*  Data  for  only  one  year  (2006) 
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An  average  response  cost  for  “Aircraft-Yes,”  “Structural-Yes,”  and  “Other- Yes” 
alarm  occurrences  was  calculated  by  dividing  the  total  response  cost  (Table  4.6)  by  the 
number  of  sub-category  occurrences  (Table  4.3).  The  ACES-FD  database  recorded  41 
HAZMAT  “Yes”  alarms  in  2006.  Using  41  “Yes”  occurrences  and  the  total  response 
cost  in  Table  4.6,  an  average  material  cost  consequence  for  the  “HAZMAT-YES” 
occurrence  sub-category  was  calculated.  A  complete  breakdown  of  the  2006  ACES-FD 
HAZMAT  data  can  be  seen  in  Appendix  B.  A  summary  of  the  response  cost  data  for 
100%  manpower  level  can  be  seen  on  Table  4.9. 

Loss  of  Life  (LOL)  Consequence  Data  100%  Manpower  Level 

Fortunately,  Dyess  AFB  has  not  lost  a  life  reportable  by  the  FES  flight.  However, 
this  does  not  mean  the  risk  is  not  present.  The  loss  of  life  consequence  (XLol)  data  was 
collected  from  the  Naval  Safety  Center.  The  Naval  Safety  Center  maintains  all  of  the 
Department  of  Defense  FES  databases.  The  USAF  database  maintained  by  the  Naval 
Safety  Center  has  data  from  1984  to  present.  From  1984  to  2003  the  data  is  stored  in  a 
database  called  the  Safety  Infonnation  Management  System  (SIMS)  and  from  2002  to 
present;  the  data  is  stored  in  the  NFIRS.  There  is  a  one-year  overlap  because  the 
database  change  was  not  instantaneous.  This  may  cause  some  overlap  in  data,  but  the 
overlap  should  be  minimal  (Fisa,  2007).  The  database  was  queried  from  1  January  1984 
to  13  February  2007.  Table  4.7  summarizes  the  results  of  the  query. 
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Table  4.7:  Loss  of  Life  Data  from  the  Naval  Safety  Center  (Lisa,  2007) 


Loss  of  Life  (LOL)  Data  with  Total 

Aircraft 

Structural 

HAZMAT 

Total 

LOL  SIMS 

91 

32 

1 

375 

LOL  NFIRS 

0 

0 

0 

67 

Total  LOL 

91 

32 

1 

442 

Incidents  SIMS 

60.683 

9.947 

25,901 

642,71 1 

Incidents  NFIRS 

77,749 

1,128 

24,192 

376.480 

Total  Incidents 

138,432 

11,075 

50,093 

1,019,191 

By  definition  there  are  no  loss  of  life  consequences  in  the  “False,  Occurs”  or  any 
of  the  “No”  sub-categories.  The  NFIRS  data  showed  that  94,267  or  approximately  25% 
of  the  total  incidents  were  “False”  alarms.  The  Other  incident  LOL  data  was  collected  by 
removing  the  25%  false  alarms  and  the  Aircraft,  Structural,  and  FIAZMAT  incidents. 
Table  4.8  summarizes  the  loss  of  life  consequences  for  all  four  categories. 


Table  4.8:  Loss  of  Life  Data  Calculating  the  “Other”  Category  (Lisa,  2007) 


Loss  of  Life  (LOL)  Data  with  "Other" 

Aircraft 

Structural 

HAZMAT 

Other 

Total  LOL 

91 

32 

1 

318 

Total  Incidents 

138,432 

11,075 

50,093 

564,793 

The  data  in  Table  4.8  was  used  to  average  the  loss  of  life  consequences  by  dividing  the 
total  loss  of  life  per  sub-category  by  the  total  number  of  incidents  per  sub-category. 
Table  4.9  summarizes  the  average  loss  of  life  consequence  data  as  well  as  all  of  the 
average  total  cost  data  for  100%  manpower  level. 
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Table  4.9:  Consequence  Data  for  100%  Manpower  Level 


100%  Manpower  Likelihood  and  Raw  Consequence  Data 


Category 

Sub  - 
Category 

Cost/Alarm 

Loss  Of 
Life  per 
Alarm 

Response 

Cost 

Material  Cost 

Total  Cost 

Aircraft 

Yes 

$100.51 

$12,337.43 

$12,437.94 

0.000657 

No 

- 

- 

- 

- 

False 

$134.53 

- 

$134.53 

- 

Structural 

Yes 

$52.31 

$127.22 

$179.53 

0.002889 

No 

- 

- 

- 

- 

False 

$45.63 

- 

$45.63 

- 

HAZMAT 

Yes 

$84.32 

$27.01 

$111.34 

0.000020 

No 

- 

- 

- 

- 

False 

$64.12 

- 

$64.12 

- 

Other 

Yes 

$31.38 

$0.30 

$31.68 

0.000563 

No 

- 

- 

- 

- 

False 

$54.51 

- 

$54.51 

- 

Consequences  for  Remaining  Manpower  Levels 

The  consequences  for  the  100%  manpower  levels  were  assumed  to  be  the 
historical  data  shown  on  Table  4.9.  The  consequences  for  the  remaining  manpower 
levels  are  found  by  multiplying  the  manpower  risk  factors  (Table  4.1  and  Table  4.2)  with 
the  100%  manpower  consequences  for  each  sub-category.  A  complete  list  of  the  20% 
nonnal  absence  consequence  data  can  be  seen  in  Appendix  C. 

Using  the  Single  Value  Dimension  Function  (SDVF) 

When  the  loss  of  life  and  total  cost  consequences  were  analyzed  separately  the 
result  was  256  risk  scenarios  for  each  of  the  ten  manpower  levels,  for  a  total  of  2,560  risk 
scenarios.  Because  of  the  large  number  of  consequences,  from  this  point  forward  this 
study  only  analyzed  the  conservative  estimate  of  20%  normal  absence.  The  methodology 
is  the  same  regardless  of  the  normal  absence  level. 
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In  order  to  put  the  loss  of  life  and  total  cost  consequences  in  the  same  terms,  a 
linear  single  dimension  value  function  (SDVF),  as  shown  in  Equation  (3.3),  was  used  to 
calculate  Xlol  and  Xtc-  The  SDVF  requires  the  calculation  of  the  Greatest  (X)  and 
Smallest  (X,)  variables  for  loss  of  life  and  total  cost.  The  Greatest  (XLol)  was  determined 
by  finding  the  risk  scenario,  represented  by  the  tree,  with  the  greatest  aggregated  value 
for  loss  of  life.  The  Greatest  (Xtc)  was  detennined  in  the  same  manner  as  Greatest 
(Xlol),  but  for  the  total  cost  consequence.  After  running  these  scenarios  it  was 
determined  the  Greatest  (X)  for  both  loss  of  life  and  total  cost  occurred  at  the  10% 
manpower  level  when  all  eight  alarms  occurred  (“Aircraft- Yes,  Occurs”  /  “Aircraft-False, 
Occurs”  /  “Structural-Yes,  Occurs”  /  “Structural-False,  Occurs”  /  “HAZMAT-Yes, 
Occurs”  /  HAZMAT-False,  Occurs”  /  “Other-Yes,  Occurs”  /  “Other-False,  Occurs.”). 

The  Greatest  (XLol)  was  0.00826  and  the  Greatest  (XTc)  was  $26,1 18.56.  Therefore,  the 
Greatest  (XLol)  was  estimated  to  be  0.009  and  the  Greatest  (XTc)  was  estimated  to  be 
$27,000.00. 

The  Smallest  (X)  was  determined  in  the  same  manner  as  the  Greatest  ( X \)  with  the 
exception  of  determining  the  smallest  value  for  loss  of  life  and  total  cost.  The  smallest 
value  was  a  “No”  outcome  for  all  eight  sub-categories.  This  resulted  in  a  Smallest  (XTC) 
and  a  Smallest  (XLol )  equal  to  zero.  Table  4. 10  shows  a  portion  of  the  results  for  v(XLol) 
and  v(XTc)  at  the  10%  manpower  level. 
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4.10:  Sample  of  Additive  Value  Function  and  SDVF  for  10%  ML  and  wrc^O.50 


Risk  Scenarios  for  10%  ML  (1  =”Occur";  0  ="No") 

Single  Consequence  Data  (wTc  =  0.5) 

Aircraft 

Structural 

HAZMAT 

Other 

Xtc 

V(XTC) 

Xlol 

V(Xlol) 

v(Xc) 

Yes 

False 

Yes 

False 

Yes 

False 

Yes 

False 

1 

1 

1 

1 

1 

1 

1 

1 

$26,118.56 

0.03265 

0.00826 

0.08228 

0.05746 

1 

1 

1 

1 

1 

1 

1 

0 

$26,009.54 

0.03668 

0.00826 

0.08228 

0.05948 

1 

1 

1 

1 

1 

1 

0 

1 

$26,055.20 

0.03499 

0.00713 

0.20740 

0.12119 

1 

1 

1 

1 

1 

1 

0 

0 

$25,946.18 

0.03903 

0.00713 

0.20740 

0.12321 

1 

1 

1 

1 

1 

0 

1 

1 

$25,990.32 

0.03740 

0.00826 

0.08228 

0.05984 

1 

1 

1 

1 

1 

0 

1 

0 

$25,881.30 

0.04143 

0.00826 

0.08228 

0.06186 

1 

1 

1 

1 

1 

0 

0 

1 

$25,926.96 

0.03974 

0.00713 

0.20740 

0.12357 

1 

1 

1 

1 

1 

0 

0 

0 

$25,817.94 

0.04378 

0.00713 

0.20740 

0.12559 

1 

1 

1 

1 

0 

1 

1 

1 

$25,895.89 

0.04089 

0.00822 

0.08671 

0.06380 

1 

1 

1 

1 

0 

1 

1 

0 

$25,786.87 

0.04493 

0.00822 

0.08671 

0.06582 

1 

1 

1 

1 

0 

1 

0 

1 

$25,832.53 

0.04324 

0.00709 

0.21183 

0.12754 

1 

1 

1 

1 

0 

1 

0 

0 

$25,723.51 

0.04728 

0.00709 

0.21183 

0.12956 

1 

1 

1 

1 

0 

0 

1 

1 

$25,767.65 

0.04564 

0.00822 

0.08671 

0.06618 

1 

1 

1 

1 

0 

0 

1 

0 

$25,658.62 

0.04968 

0.00822 

0.08671 

0.06820 

1 

1 

1 

1 

0 

0 

0 

1 

$25,704.29 

0.04799 

0.00709 

0.21183 

0.12991 

1 

1 

1 

1 

0 

0 

0 

0 

$25,595.26 

0.05203 

0.00709 

0.21183 

0.13193 

As  can  be  seen  from  the  table,  the  problem  now  is  a  maximization  problem  with 
the  constructed  units  of  risk  mitigation  units.  In  this  table  a  value  of  “1”  represents  an 
“Occur”  outcome  in  that  sub-category  and  a  value  of  “0”  means  there  is  “No”  outcome  in 
that  sub-category.  The  first  four  numbers  represent  the  Aircraft  and  Structural  sub¬ 
categories  and  the  last  four  represent  the  FIAZMAT  and  “Other”  sub-categories. 
Therefore,  each  of  the  256  risk  scenarios  has  a  unique  8-digit  identifier.  Manpower  level 
and  wtc  to  clearly  identify  which  set  of  risk  scenarios  are  being  discussed. 

Additive  Value  Function  Weights 

The  next  step  was  to  calculate  a  single  consequence  for  each  risk  scenario.  The 
first  step  was  to  determine  the  weights  for  the  additive  value  function  shown  in  Equation 
(3.4)  and  Equation  (3.5).  An  attempt  was  made  to  solicit  these  weights  from  the  DM. 
However,  the  DM  was  unable  to  detennine  the  weights.  In  general,  FES  flights  are 
concerned  more  with  loss  of  life  (Xlol)  than  with  total  cost  (Xjc),  but  that  is  not  always 
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the  case.  Dyess  AFB  FES  flight’s  primary  responsibility  is  to  the  mission  at  Dyess  AFB. 
This  may  create  a  situation  where  an  incident  with  no  potential  for  loss  of  life  takes 
precedence  over  an  incident  where  there  is  potential  loss  of  life.  There  may  also  be  a 
situation  with  a  small  potential  total  cost  takes  precedent  over  a  situation  with  a  larger 
potential  total  cost.  Therefore,  the  weights  can  range  from  0  to  1  for  both  wtc  and  wlol- 
The  analysis  was  run  for  five  different  values  for  wTc-  These  values  were  wrc  =  0,  0.25, 
0.50,  0.75,  and  1.  Because  the  sum  of  the  weights  must  be  equal  to  one,  wLol  =  1  -  wtc. 

Determining  a  Single  Consequence  (Xc) 

Once  the  consequences  have  been  converted  into  risk  mitigation  units  and  the 
additive  value  function  weights  have  been  determined,  a  single  consequence  can  now  be 
determined  using  Equation  (5)  and  Equation  (6).  There  are  2,560  risk  scenarios  if  the 
consequences  are  analyzed  separately.  Because  there  are  five  possible  values  being 
considered  for  wtc,  once  the  consequences  are  combined  using  an  additive  value  function 
the  number  of  potentially  unique  consequences  increases  to  12,800.  Table  4.10  shows  a 
sample  of  the  v(Xc)  values  for  the  10%  manpower  level  and  a  wtc  =  0.50.  A  complete  list 
of  the  20%  nonnal  absence  single  consequences  can  be  seen  in  Appendix  D. 

Model 

The  model  can  now  be  populated.  Figure  4. 1  is  the  Aircraft  and  Structural  sub¬ 
category  tree  for  10%  manpower  level  and  a  wtc  =  0.5.  The  consequence  values  in  the 
Aircraft  and  Structural  figure  come  from  the  combination  with  the  HAZMAT  and 
“Other”  trees.  Figure  4.2  shows  one  of  the  HAZMAT  and  “Other”  sub-category  trees  for 
the  10%  manpower  level  and  a  wtc  =  0-5. 


71 


0.98664 


0.028072386 

0.118468797 


0.051149484 

0.120158911 


0.053282294 

0.446161336 


0.097083368 

0.447851451 


0.020631902 

0.12345129 


0.037592498 

0.125141404 


0.039160014 

0.451143829 


0.071351772 

0.452833944 


0.042403925 

0.652173686 


0.077262362 

0.653863801 


0.080484016 

0.979866226 


0.146646452 

0.98155634 


0.031164918 

0.657156179 


0.056784252 

0.658846294 


0.0591  52018 
0.984848719 


0.10777834 
0.986  538834 


Figure  4.1:  Aircraft  and  Structural  Sub-Category  Tree  (10%  ML  and  vrrc^O.50) 
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Figure  4.2:  HAZMAT  and  “Other”  Sub-Category  Tree  (10%  ML  and  ^77=0.50) 
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The  HAZMAT  and  “Other”  sub-category  trees’  (see  Figure  4.2  for  example) 
consequences  are  populated  using  the  v(Xc)’s  calculated  with  the  additive  value  function 
(see  Table  4.10  for  example).  Each  HAZMAT  and  “Other”  sub-category  tree 
corresponds  to  a  specific  branch  on  the  Aircraft  and  Structural  sub-category  tree.  Figure 
4.2  has  a  four  digit  binary  identifier  that  designates  a  unique  branch  on  the  Aircraft  and 
Structural  sub-category  tree.  This  identifier  corresponds  to  the  first  four  digits  in  Table 
4.10  and  means  the  same  thing  as  the  digits  in  that  figure.  For  example,  the  1,1, 1,1 
identifier  in  Figure  4.2  corresponds  to  the  branch  on  the  Aircraft  and  Structural  sub¬ 
category  tree  that  has  the  outcome  sequence  “Aircraft-Yes,  Occurs”  /  “Aircraft-False, 
Occurs”  /  “Structural-Yes,  Occurs”  /Structural-False,  Occurs.”  The  HAZMAT  and 
“Other”  sub-category  trees  are  also  potentially  unique  to  manpower  level  and  the  value  of 
wtc  because  both  of  the  manpower  level  and  Wtc  can  affect  the  result  of  the  additive 
value  function.  A  complete  list  of  the  consequence  data  can  be  seen  in  Appendix  D. 
Results 

The  decision  tree  was  “rolled  back,”  as  described  in  Chapter  3,  and  the  expected 
risk  mitigation  (ERM)  per  24-hour  shift  was  calculated.  The  ERM’s  for  the  different 
manpower  levels  and  wtc  s  are  shown  on  Table  4.11. 
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Table  4.11:  ERM’s  for  Varying  wtc  Values 


Manpower 

Level 

ERM  for  20%  Normal  Absence 

wTC  =0 

wTC  =  0.25 

wTC  =  0.50 

wTC  =  0.75 

ii 

£ 

10% 

0.69489 

0.67615 

0.65741 

0.63866 

0.61992 

20% 

0.73243 

0.71876 

0.70509 

0.69143 

0.67776 

30% 

0.78262 

0.76598 

0.74934 

0.73269 

0.71605 

40% 

0  80775 

0  78958 

0.77141 

0 75324 

0.73507 

50% 

0.83581 

0.82003 

0.80425 

0.78847 

0.77269 

60% 

0.84163 

0.83371 

0.82579 

0.81788 

0.80996 

70% 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

80% 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

90% 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

100% 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

If  risk  was  the  only  concern,  the  manpower  levels  that  give  the  maximum  ERM 
are  60%  and  greater  for  wtc  =  1  and  70%  for  all  other  values  of  w-rc-  Figure  4.3  shows 
that,  in  general,  as  the  manpower  level  increases  the  ERM  will  also  increase.  However, 
there  is  a  point  where  additional  manpower  level  no  longer  increases  the  ERM.  Figure 
4.3  also  appears  to  show  that  wtc  =  1  gives  the  most  conservative  estimate  for  ERM  and 
there  is  no  increase  for  ERM  above  60%  manpower  level.  However,  the  remaining 
manpower  levels  do  show  an  increase  in  the  ERM  from  60%  to  70%  manpower  level. 
This  is  due  to  the  ability  of  Dyess  FES  flight  to  prevent  loss  of  life,  specifically  in 
“Aircraft- Yes,  Occurs”  sub-category,  which  increases  when  the  manpower  level 
increases  from  60%  to  70%.  Therefore,  if  loss  of  life  in  “Aircraft- Yes”  alarms  is  a  major 
concern,  wjc  =  1  may  not  be  the  best  way  to  determine  manpower.  Understanding  what 
causes  of  the  differences  in  ERM  can  help  the  DM  to  determine  the  acceptable  level  of 
risk. 
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F igure  4.3:  ERM  ’  s  for  V ary ing  wtc  V alues 


Table  4. 12  shows  the  percent  increase  in  ERM  between  each  manpower  level  for 
varying  levels  of  wtc ■  The  purpose  of  this  table  is  to  present  the  information  to  the  DM 
in  another  way.  The  tables  answer  the  question,  “How  much  does  ERM  increase  or 
decrease  for  different  scenarios?”  This  type  of  data  can  be  beneficial  when  discussing 
capability  with  other  leadership  who  may  not  be  familiar  with  the  many  of  the  activities 
an  FES  flight  is  involved  in. 
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Table  4.12:  Increase  in  ERM  Between  ML  for  Varying  wtc  s 


Manpower 
Level  Increase 

Percent  Increase  in  ERM 

O 

II 

(3 

£ 

w  TC  =  0.25 

wTC=  0.50 

wTC=  0.75 

II 

a 

10%  to  20% 

5.40% 

6.30% 

7.25% 

8.26% 

9.33% 

20%  to  30% 

6.85% 

6.57% 

6.27% 

5.97% 

5.65% 

30%  to  40% 

3.21% 

3.08% 

2.95% 

2.80% 

2.66% 

40%  to  50% 

3.47% 

3.86% 

4.26% 

4.68% 

5.12% 

50%  to  60% 

0.70% 

1.67% 

2.68% 

3.73% 

4.82% 

60%  to  70% 

0.69% 

0.52% 

0.35% 

0.18% 

0.00% 

It  is  important  to  remember  the  percentage  increase  in  Table  4.12  is  for  a  24-hour 
period.  The  table  shows  there  is  not  a  large  increase  in  the  step  from  the  60%  to  70%. 

As  the  weight  on  total  cost  becomes  more  important,  this  gap  decreases.  When  loss  of 
life  is  heavily  weighted  the  increase  from  60%  to  70%  is  at  its  highest.  However,  it  is 
still  only  a  slight  difference.  In  addition,  when  loss  of  life  is  weighted  heavily,  the  gap 
between  the  50%  and  70%  manpower  level  is  small.  Analysis  of  Table  4.1 1,  Table  4.12, 
and  Figure  4.3  shows  that  maintaining  manpower  around  60%  during  a  deployment  will 
not  cause  a  significant  drop  in  ERM.  However,  these  figures  are  being  analyzed  without 
considering  the  contractor  cost. 

Cost/Benefit  Analysis 

The  analysis  accomplished  up  to  this  point  included  total  cost  and  loss  of  life,  but 
excluded  the  cost  for  an  FES  flight  to  have  the  manpower  available  (MA).  The  cost  to 
have  manpower  available,  or  contractor  cost,  is  determined  as  the  cost  to  replace  FES 
manpower  with  contractors.  In  other  words,  during  a  deployment  a  fire  chief  may  only 
have  a  limited  number  of  firefighters  available.  Contractor  cost  is  the  cost  to  increase  the 
manpower  available,  using  contract  firefighters,  to  the  desired  manpower  level.  The 
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contractor  cost  is  detennined  by  using  a  2002  Dyess  AFB  cost  estimate.  The  2002 
estimate  was  created  to  detennine  the  cost  of  replacing  Dyess  AFB  firefighters  during  a 
deployment.  The  estimate  was  then  converted  into  2007  dollars.  The  calculations  can  be 
seen  in  Chapter  3.  The  contractor  cost  estimate  for  replacing  10%  of  the  FES  flight’s 
labor  is  $1,424.03.  The  cost/benefit  analysis  was  only  performed  for  the  20%  normal 
absence  and  the  values  of  wtc  were  varied  similarly  to  earlier  analysis. 

Contractor  cost  cannot  be  combined  with  the  other  consequences  because  of 
preferential  dependency  problems.  This  means  the  willingness  to  bring  on  contractor 
firefighters  varies  with  different  levels  of  ERM.  The  DM  is  probably  more  willing  to 
spend  money  to  raise  a  low  and  dangerous  ERM  than  he  is  to  raise  the  ERM  from  60%  to 
70%.  Additive  value  functions  cannot  be  used  when  there  is  no  preferential  dependence. 
Therefore,  contractor  cost  was  pareto  optimally  graphed  versus  ERM.  Figures  4.4 
through  Figure  4.9  show  the  pareto  optimal  graphs  for  varying  manpower  available,  the 
respective  ERM’s,  contractor  cost,  and  varying  values  of  wTc ■  The  graphs  are  intended  to 
visually  present  the  DM  with  the  available  options  and  to  provide  him  with  more  detailed 
information  to  make  manpower  decisions.  An  example  would  be  a  situation  where  the 
DM  is  short  manned  and  encounters  a  shift  with  a  large  potential  for  loss  of  life.  The  DM 
can  get  the  information  from  the  graph  with  the  representative  Wlol-  The  data  for  these 
graphs  can  be  seen  in  Appendix  E. 
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ERM  ERM 


Figure  4.4:  Pareto  Optimal  Graph  for  10%  Manpower  Available 


Figure  4.5:  Pareto  Optimal  Graph  for  20%  Manpower  Available 
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ERM  ERM 


Figure  4.6:  Pareto  Optimal  Graph  for  30%  Manpower  Available 


Figure  4.7:  Pareto  Optimal  Graph  for  40%  Manpower  Available 
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ERM  ERM 


Figure  4.8:  Pareto  Optimal  Graph  for  50%  Manpower  Available 
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Figure  4.9:  Pareto  Optimal  Graph  for  60%  Manpower  Available 
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The  graphs  are  similar  to  the  ERM  results.  In  general,  as  cost  increases,  the  ERM 
also  increases.  However,  after  70%  manpower  level,  there  is  no  added  ERM  benefit  to 
spend  more  money  on  contractor  labor.  The  cost/benefit  graphs  suggest  the  same 
solutions  as  the  ERM.  There  is  little  ERM  gain  between  the  60%  and  70%  manpower 
level,  and  a  greater  than  $  1 ,400  increase  in  contractor  cost.  In  addition,  the  graph  begins 
to  level  off  around  the  55%  manpower  level.  The  most  benefit  occurs  between  55%  and 
65%  using  the  results  of  the  pareto  optimal  graphs. 

Sensitivity  Analysis 

There  was  a  great  deal  of  uncertainty  associated  with  the  model.  Normally, 
sensitivity  analysis  is  performed  to  detennine  how  changes  to  uncertainty  in  the  model 
may  affect  the  preferred  solution.  However,  this  model  was  not  intended  to  suggest  one 
preferred  solution.  This  research  was  intended  to  provide  the  DM  with  a  risk  based 
decision  tool  to  aid  him  in  developing  a  workable  solution  for  problems  with  high  levels 
of  uncertainty. 

It  is  assumed  if  manpower  is  increased,  the  worst  case  is  that  the  ERM  will 
remain  the  same.  Risk  will  never  be  increased  with  increases  in  manpower.  However, 
many  changes  to  the  model  may  affect  the  ERM.  The  ERM  is  very  sensitive  to  changes 
in  the  manpower  risk  factors.  This  is  a  subjective  measure  and  careful  attention  should 
be  paid  to  ensure  the  factors  are  determined  logically.  In  addition  to  the  subjectivity  of 
the  measure,  an  assumption  was  made  that  taking  “staff”  workers  out  of  their  normal  jobs 
and  placing  them  in  traditional  firefighting  shift  work  will  not  increase  the  risk.  This 
assumption  was  made  because  the  “staff”  workers  are  trained  firefighters;  the  time  frame 
for  analysis  was  relatively  short,  one  day  for  the  analysis  and  only  134  days  if  it  had  to  be 
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sustained  for  the  whole  deployment,  and  the  DM  felt  there  was  enough  downtime  on  the 
job  for  the  “staff’  to  perform  their  normal  duties.  For  the  Aircraft  category,  staff  workers 
begin  to  be  rolled  in  at  70%  manpower  available  level  and  are  exhausted  by  the  60% 
manpower  available  level.  For  the  Structural  and  HAZMAT  categories  they  are  rolled  in 
at  60%  and  exhausted  by  the  50%  manpower  level  (Jones,  2007).  If  this  assumption 
proves  false,  the  ERM  could  decline  sharply.  The  assumption  was  based  on  very  sound 
logic,  but  it  is  something  to  continue  to  analyze  and  manage.  In  addition  to 
underestimating  ERM,  overestimating  ERM  will  decrease  the  ERM,  but  may  also 
unnecessarily  use  funds  that  could  be  better  spent  in  other  areas. 

Another  area  where  the  model  can  be  sensitive  is  change  to  the  normal  absence 
rate.  This  is  because  increasing  nonnal  absences  decreases  the  personnel  per  shift;  this  in 
turn  can  lead  to  failure  to  meet  the  National  Fire  Protection  Association  (NFPA).  The 
DM  based  the  manpower  risk  factors  on  those  NFPA  standards.  Therefore,  increases  in 
the  normal  absences  can  lead  to  increases  in  the  manpower  risk  factors.  The  model  is 
very  sensitive  to  those  changes  as  previously  discussed.  Part  of  the  sensitivity  to  normal 
absences  is  caused  by  truncating  the  manpower  levels.  The  manpower  may  not  be 
available  at  the  60%  manpower  level,  but  is  available  at  the  62%  manpower  level.  The 
DM  is  very  satisfied  that  20%  nonnal  absence  is  a  conservative  estimate  on  the  maximum 
value  of  nonnal  absence  for  a  deployment  or  a  given  day,  but  it  is  also  possible  to  be  too 
conservative  and  again  consume  resources  needed  elsewhere. 

While  other  factors  affect  the  ERM,  the  ERM  is  less  sensitive  to  these  changes 
because  of  the  large  time  frame  the  data  were  collected  over.  Over  three  years  of  data 
and  approximately  3,000  alarms  were  analyzed  to  determine  the  uncertainties.  Changes 
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to  the  total  cost,  loss  of  lives,  and  number  of  responses  create  little  impact  on  ERM  or  X 
because  they  are  averaged  over  a  large  number  of  events.  In  addition,  because  the 
Poisson  distribution  was  used,  changes  in  the  time  frame  will  not  affect  the  likelihood 
distribution.  If  only  a  small  data  population  is  available  for  analysis  with  this  model, 
ERM  may  be  more  sensitive  to  changes  in  these  areas. 

Discussion  of  Results 

The  primary  goal  of  this  research  was  to  validate  a  methodology  for  a  risk  based 
decision  tool.  The  situation  chosen  to  validate  the  decision  tool  was  a  potential  future 
deployment  at  Dyess  AFB.  This  model  proved  operable  for  this  representative  case. 
Actual  usable  data  was  produced.  From  the  ERM,  it  appears  that  during  a  deployment, 
the  Fire  Chief  would  not  see  a  significant  drop  in  risk  until  after  the  60%  manpower  level 
for  a  24-hour  shift.  The  cost/benefit  relationship  added  further  support  to  this  conclusion 
showing  that,  although  there  was  not  a  large  increase  in  ERM,  there  was  a  cost  of  about 
over  $1,400  associated  with  an  increase  from  the  60%  to  70%  manpower  level.  This  is 
especially  true  since  the  normal  absence  rate  analyzed  is  considered  conservative.  With 
nonnal  absences  being  conservative,  the  DM  can  probably  count  on  some  of  those 
firefighters  being  available  for  work.  If  the  extreme  case  happens,  overtime  can  be  used 
to  fill  the  void.  In  addition,  mutual  aid  received  was  not  considered  in  the  model.  If  the 
base  has  a  mutual  aid  agreement  with  surrounding  agencies,  this  could  create  a  decrease 
in  ERM.  However,  the  sensitivity  analysis  suggested  that  close  attention  should  be  paid 
to  the  manpower  risk  factors  and  they  probably  need  to  be  managed  and  reanalyzed  on  a 
relatively  frequent  basis.  It  is  important  to  note  that  a  60%  manpower  level,  assuming  a 
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20%  normal  absence  rate,  may  not  restrict  the  FES  flight  from  responding  to  Aircraft-Yes 
alarms  with  the  18-man  team  required  by  the  NFPA  (Jones,  2007) 

Summary 

In  this  chapter  a  methodology  to  develop  a  risk  based  decision  tool  to  assist  USAF 
FES  flights  with  manpower  planning  for  short  manning  situations  caused  by  deployments 
was  analyzed.  The  representative  case  to  test  the  methodology  was  a  potential  Dyess 
AFB  deployment.  The  methodology  worked  as  conceived  and  resulted  in  an  operable 
decision  tool  that  produced  usable  results.  The  chapter  included  data  collection, 
consequence  aggregation,  a  risk  model  based  on  manpower,  and  a  cost  benefit  analysis. 
Chapter  5  summarizes  the  results  and  addresses  some  the  research  questions  stated  in 
Chapter  1. 
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V.  Conclusion 


Background 

The  purpose  of  this  study  was  to  create  a  risk  based  decision  tool  to  assist  in 
manpower  level  decisions  for  firefighting  organizations.  The  research  focused  on 
modeling  risk  in  terms  of  manpower  for  United  States  Air  Force  (USAF)  Fire  and 
Emergency  Services  (FES)  flights.  FES  flights  are  dynamic  organizations  charged  with 
preserving  life  and  property  from  a  variety  of  unpredictable  emergencies.  Modeling  the 
risk  to  an  organization  presented  an  enonnous  challenge.  In  order  to  model  the  risk,  this 
study  had  to  draw  from  a  wide  range  of  risk  assessment  and  decision  analysis  concepts. 
The  first  attempt  at  accomplishing  this  research  was  to  model  all  of  the  responsibilities  of 
FES  flights.  FES  flights  proved  to  be  too  dynamic  to  make  this  model  operable. 

The  methodology  may  be  valid  over  a  larger  group  of  organizations,  but  the 
model  had  to  be  developed  for  a  specific  representative  situation.  The  situation  decided 
on  was  a  deployment  at  Dyess  AFB  in  Texas.  The  deployment  situation  was  chosen 
because  the  USAF  is  in  a  time  of  very  high  operations  tempo  and  deployments  are 
common.  Many  organizations  have  to  deal  with  short  manning  situations,  but  manpower 
shortages  are  most  evident  in  organizations  responsible  for  public  safety  and  the 
protection  of  multi-million  dollar  assets. 

Even  modeling  this  specific  situation  was  a  challenge,  but  a  workable  model  was 
developed.  Once  the  workable  model  was  developed,  it  performed  very  well.  The  output 
was  a  series  of  pareto  optimal  graphs  showing  the  risk  to  manpower  and  the  cost/benefit 
relationships.  These  graphs  provide  quantitative  insight  that  can  be  quickly  referenced  by 
the  decision  maker  (DM)  in  a  short  manning  situation. 
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One  of  the  goals  of  the  research  was  to  create  the  methodology  for  application  in 
all  USAF  FES  flights  and  in  the  bigger  picture  all  fire  departments  and  potentilly  all  first 
responder  organizations.  The  model  developed  is  very  specific  to  Dyess  AFB.  The 
methodology  succeeded  at  representing  the  risk  at  Dyess  AFB  and  was  intended  to  be 
flexible  enough  to  allow  for  use  on  other  USAF  installations.  Therefore,  the 
methodology  will  allow  for  the  modeling  of  different  USAF  FES  flights.  In  fact,  risk 
scenario  generation  began  with  a  list  of  responsibilities  created  specifically  to  represent 
the  responsibilities  of  all  USAF  installations  and  deployments,  which  affect  many,  if  not 
all,  USAF  installations. 

The  methodology  appears  to  be  applicable  to  municipal  fire  departments,  as  well. 
Some  obvious  changes  would  have  to  be  made  in  terms  of  deployments  and  the  list  of 
responsibilities,  but  otherwise,  it  would  appear  to  be  valid.  In  bigger  cities  with  many 
responses  and  multiple  stations,  or  in  organizations  where  personnel  serve  multiple  roles 
(i.e.  personnel  are  both  firefighters  and  police  officers),  even  more  changes  or 
assumptions  would  have  to  be  made  to  apply  this  methodology.  The  results  show  the 
methodology  is  a  reliable  framework  for  quantitatively  analyzing  manpower  levels  versus 
risk.  This  research  for  this  study  did  not  explore  other  first  responder  organizations  in 
enough  depth  to  make  to  determine  the  applicability  on  other  first  responder 
organizations.  Therefore,  the  methodology  is  unproven  on  other  first  responder 
organizations.  However,  the  methodology  does  appear  to  be  usable  for  making  analytical 
manpower  decisions  in  any  organization  where  the  risk  to  the  public  and  property  has  a 
relationship  to  the  manpower  level 
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The  remainder  of  this  chapter  will  explore  four  areas.  The  first  is  to  use  the 
model  to  investigate  the  validity  of  some  of  the  USAF  assumptions  and  ideas  that  were 
discovered  through  research.  The  second  portion  of  this  chapter  will  be 
recommendations.  The  third  section  will  be  research  strengths  and  limitations,  and  the 
final  section  presents  ideas  for  future  research. 

Analyzing  USAF  Assumptions 

One  Major  Event  Assumption 

One  USAF  assumption  with  manpower  is  only  one  major  structural,  aircraft,  or 
HAZMAT  event  will  occur  at  a  given  time  (AFI  32-2001,  1999).  This  model  did  not 
prove  this  assumption  valid  or  false.  The  likelihood  of  an  event  is  determined  for  one  24- 
hour  period  and  the  model  did  not  differentiate  whether  events  were  simultaneous  or  not. 
The  model  did  allow  for  the  possibility  of  simultaneous  events.  However,  the 
consequences  were  assumed  independent  and  were  not  affected  by  the  probability  of 
simultaneous  events.  Although  the  model  itself  did  not  differentiate  there  was  a 
substantial  data  collection  done  at  Dyess  AFB. 

This  research  and  past  knowledge  of  Dyess  AFB  has  uncovered  three  structural 
emergencies  that  could  be  considered  major  response  (a  kitchen  fire,  a  utility  shop  fire, 
and  a  wildland  fire),  three  HAZMAT  emergencies  (all  JP-8  fuel  spills  with  one  involving 
serious  injury),  and  two  major  aircraft  emergencies.  None  of  these  events  occurred 
simultaneously.  The  probability  of  having  two  “Yes”  events  (Aircraft,  Structural,  or 
HAZMAT)  in  a  day  is  only  66%.  In  addition,  almost  all  fire  chiefs  that  were  consulted 
for  this  research  indicate  their  installations  have  mutual  aid  agreements  with  the  local 
municipalities.  Therefore,  the  assumption,  although  not  a  fact,  is  probably  a  safe 
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assumption  for  manpower.  However,  it  is  not  a  safe  assumption  when  calculating  risk. 
There  is  a  risk  of  it  occurring  and  that  needs  to  be  accounted  for  in  the  risk  analysis. 

FES  Flights  Manpower  is  Determined  by  Aircraft  Emergencies 

The  FES  Reshaping  Conference  (2007)  stated  that  the  core  FES  manpower 
number  of  55  firefighters  is  based  on  the  number  of  firefighters  needed  to  man  the  trucks 
for  a  certain  level  aircraft  response.  This  number  of  firefighters  is  multiplied  by  a 
manpower  factor  and  this  factor  is  supposed  to  account  for  nonnal  absences,  command 
and  control,  alarm  shop  personnel,  deployments,  and  other  staff  positions.  However, 
Aircraft  response  alone  does  not  dictate  FES  manpower,  the  USAF  manning  document 
(AFMS  44EF)  allows  for  positive  variances  for  installations  with  larger  buildings  and 
bomb  ranges. 

Is  this  a  good  way  to  man  a  FES  flight?  The  answer  to  that  question  can  only  be 
answered  in  tenns  of  whether  the  factor  does  indeed  account  for  all  of  those  firefighting 
and  “staff’  positions.  If  so  than  according  to  the  analysis,  it  is  a  good  way  to  determine 
manpower  at  Dyess  AFB.  A  true  aircraft  emergency  requires  that  18  firefighters  respond, 
and  according  to  the  analysis,  the  consequences  at  Dyess  AFB  of  a  structural  or 
HAZMAT  emergency,  do  not  increase  until  manpower  falls  below  12.  Therefore,  if 
Dyess  AFB  is  manned  for  an  aircraft  emergency  in  the  manner  described  above,  it  should 
be  adequately  covered  for  all  other  emergency  types.  However,  assuming  aircraft 
emergencies  only  is  not  an  appropriate  method  to  estimate  risk. 

Matrix  Relating  Manpower  to  Impact 

Air  Combat  Command  (ACC)  developed  a  matrix  relating  manpower  to  impact 
(Kennedy,  2007).  This  matrix,  Table  1.1,  relates  a  manpower  percentage  level  to  risk, 
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FES  impact  and  emergency  scene  impact.  Based  on  this  research,  this  matrix  would  be  a 
very  conservative  estimate  for  Dyess  AFB.  At  the  70%  manpower  level,  the  ACC  matrix 
reports  critically  manned.  This  study  detennined  at  70%  manned,  Dyess  AFB  FES  flight 
was  fully  capable  during  a  deployment.  The  remaining  manpower  levels  on  Table  1.1 
appear  to  be  equally  as  conservative. 

Strengths  and  Limitations  of  Research 

One  of  the  main  strengths  of  this  research  is  that  it  took  a  very  dynamic  and 
complicated  problem  and  simplified  it,  but  maintained  an  adequate  level  of  accuracy. 

The  results  turned  out  as  intended  and  they  are  easy  to  read  and  understand.  Another  one 
of  the  strengths  is  the  use  the  Poisson  distribution.  Poisson  distributions  allow  the  model 
to  be  put  in  terms  of  any  time  frame  desired.  It  also  allows  for  historical  data,  not  random 
data,  to  influence  the  likelihood. 

This  research  has  a  number  of  limitations.  One  area  of  concern  is  in  the 
consequences.  One  limitation  is  the  use  of  subjective  data  to  calculate  consequences. 
Historical  data  was  used  for  the  100%  manpower  level,  but  the  remaining  manpower 
levels  were  calculated  using  the  subjective  manpower  risk  factors.  Compounding  this 
concern  is  the  fact  that  the  model  is  most  sensitive  to  this  measure.  This  makes  the  model 
susceptible  to  over-  or  under-estimating,  either  intentionally  or  unintentionally.  Another 
area  of  concern  is  the  material  consequences.  The  only  data  available  was  data  reportable 
by  the  Dyess  FES  flight.  Dyess  AFB  FES  only  reports  damage  from  actual  fires,  in 
addition  to  that,  they  only  report  fire  damage  for  fires  they  extinguish  or  have  some  other 
role  in.  The  non-reportable  fire  damage  should  be  accounted  for  as  FES  risk,  but  it  is  not 
accounted  for  in  the  model. 
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The  methodology  has  limitations  as  well.  The  first  limitation  is  the  likelihood  of 
more  than  one  alarm  in  a  sub-category.  The  Poisson  distribution  allows  for  this,  but  this 
model  assumes  the  consequence  is  the  same  regardless  of  the  number  of  alarms.  Another 
limitation  is  that  the  model  assumes  the  consequences  are  the  same,  even  if  another 
emergency  is  occurring.  The  model  does  not  allow  for  the  increase  in  consequences  in 
one  emergency  due  to  the  fact  that  FES  manpower  is  responding  to  another.  The  size  of 
the  model  is  a  limitation.  The  model  has  12,800  potentially  unique  risk  scenarios.  Using 
a  spreadsheet  model,  these  consequences  can  be  arranged  so  there  is  very  little  data  entry. 
However,  there  are  still  many  places  where  errors  can  be  introduced.  The  final  limitation 
is  the  use  of  a  constructed  unit.  A  linear  single  dimension  value  function  was  used  to 
nonnalize  the  consequences  in  terms  of  constructed  unit.  This  may  make  potential 
beneficiaries  of  the  methodology  more  resistant  to  using  it. 

Areas  of  Future  Research 

One  area  that  needs  future  research  is  the  development  of  the  consequences.  To 
start,  a  method  should  be  developed  to  make  the  manpower  risk  factors  more  objective, 
or  completely  replace  them  with  an  objective  measure.  It  would  also  be  advantageous  if 
consequences  could  be  found  that  would  allow  for  the  formulation  of  a  preferred  solution. 
This  was  tried  in  this  research  with  cost  benefit  analysis,  but  preferential  independence 
between  contractor  cost  and  expected  risk  mitigation  prohibited  the  use  of  an  additive 
value  function.  Being  able  to  optimize  the  decision  eliminates  the  need  to  explain 
constructed  units.  The  last  idea  for  future  research  is  to  test  and  adapt  the  methodology 
to  other  FES  flights  or  other  first  responder  organizations. 
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Summary 

FES  flights  are  very  diverse  and  very  dynamic.  There  were  few  questions  that 
were  not  answered  with  “it  depends,”  making  it  very  difficult  to  model.  In  addition  to  the 
modeling  being  difficult,  the  software  used  to  calculate  the  decision  tree  was  not  robust 
enough  for  the  size  of  the  model.  The  software  that  was  used  only  allowed  up  to  500 
total  nodes.  The  model  was  split  to  reduce  the  nodes  and  then  exceeded  the  capacity  of 
number  of  decision  trees  so  all  the  formulas  had  to  be  hand  entered  into  a  spreadsheet. 
The  software  was  used  for  the  visuals,  but  the  spreadsheet  was  used  for  the  calculations. 
Using  the  spreadsheet  for  the  calculations  increased  the  speed  of  calculations  and 
decreased  the  size  on  disk.  The  programs  offer  nice  features,  but  size  is  something  to 
think  about  before  committing  to  a  modeling  program. 

However,  once  the  problem  was  able  to  be  modeled,  it  perfonned  great.  The 
expected  risk  mitigation,  the  cost/benefit  relationship  and  the  20%  normal  absences  all 
pointed  to  a  range  of  values  between  55%  and  65%  manpower  level.  The  sensitivity 
analysis  revealed  that  the  expected  risk  mitigation  value  was  very  sensitive  to  the 
manpower  risk  factors.  The  model  worked  well  and  the  results  were  clear  and  easy  to 
understand. 
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Appendix  A:  Categorized  ACES-FD  Response  Data  (1  Jan  2004  to  25  Jan  2007) 


Structural  Response 

#  of 

Responses 

Response 
Cost  ($) 

Yes  Secondary  Category 

Conventional 

ELECTRICAL  PROBLEM,  BLDG 

4 

173.00 

FA  CODE  (40%  Yes  Alarm) 

258 

11,716  74 

REPORTED  FIRE.  DUMPSTER 

3 

262.19 

REPORTED  FIRE.  FACILITY 

3 

131.11 

REPORTED  FIRE.  UNCL/MUNIT 

2 

935.20 

REPORTED  SMOKE,  FACILITY 

8 

438.08 

REPORTED  SMOKE,  UNCLASS 

15 

1,961.72 

STRUCTURAL  UNCLASS 

29 

1,331.79 

ODOR  INVESTIGATION  ELEC 

2 

85.72 

ODOR  INVESTIGATION.  GAS  LPG 

84 

3.441  59 

ODOR  INVESTIGATION  SMOKE 

12 

402.98 

ODOR  INVSTGN  UNCLASS,  STRU 

9 

29868 

RESCUE  PERSON  ELEVATOR 

9 

170.74 

Unconventional 

MUTUAL  AID  GRASS  FIRE 

3 

1,240.19 

POWER  LINE  DOWN 

11 

418.19 

REPORTED.  FIRE  GRASS 

22 

1.787  88 

Totals  Structural  (Yes) 

474 

24,795.80 

Average  Structural  (Yes)  Cost 

52.31 

False  Secondary  Category 

ACCIDENTAL  ALARM  ACTIVATION 

2 

57.81 

ALMS  DUE  TO  SEVERE  WEATHER 

2 

35.55 

BELLS  GOING  OFF 

14 

282.30 

BOMB  THREAT.  STRUCTURE 

5 

2,181.78 

FA  CODE  (60%  False  Alarm) 

387 

17.575.12 

FIRE  SYSTEM  ACTIVATED 

63 

1,863  84 

FIRE  SYSTEM  ASSISTANCE 

3 

92.14 

FIRE  SYSTEM  PROBLEM.  UNCLA 

11 

207.68 

STRUCTURE.  CO  CALL 

1 

35.20 

SVA  OR  ZID  TROUBLE 

2 

28.80 

Totals  Structural  (False) 

490 

22,360.22 

Average  Structural  (False)  Cost 

45.63 

(Jones,  2007,  Brown,  2007) 
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Aircraft  Response 

#  of 

Responses 

Response 
Cost  ($) 

Yes  Secondary  Category 

Ground 

BLOWN  TIRE  AC  FT.  GROUND 

5 

346.37 

ELECT.  PROB.  AC  FT.  GROUND 

4 

327.63 

ENGINE  PROBLEMS.  GROUND 

4 

227.01 

FUEL  PROBLEMS.  GROUND 

12 

865.00 

GEAR  CNTL  PROB.  ACFT:  GR 

1 

1795 

GROUND  EMERG  UNCLASS 

29 

2.447  42 

HOT  BRAKES,  GORUND 

21 

3.454  98 

HYDRAULIC  PROBLEMS,  GROUN 

2 

135.00 

REPORTED  FIRE.  ACFT.  GRD 

4 

256.93 

REPORTED  SMOKE.  ACFT,  GRD 

24 

2,475.41 

REPRTD  FIRE  ACFT  IN  HANGR 

1 

56.16 

REPRTD  SMOKE  ACFT  IN  HANG 

2 

240.33 

ODOR  INVESTIGATION  ACFT 

2 

138.96 

In-flight 

ODOR  INVESTIGATION  ACFT 

1 

260.64 

BIRD  STRIKE  ACFT 

14 

1,118  91 

BLOWN  TIRE.  ACFT 

1 

150.92 

CRACKED  WINDSHIELD,  ACFT 

2 

137.36 

DAMAGE  ON  ACFT 

4 

436.15 

ELECTRICAL  PROBLEMS.  ACFT 

21 

2,145.17 

ENGINE  PROBLEMS,  INFLIGHT 

189 

14,204.02 

FLGHT  CNTROL  PROBLEM.  ACFT 

26 

2,501.34 

FUEL  PROBLEMS.  ACFT 

11 

567  44 

GEAR  CONTROL  PROBLEM.  ACFT 

55 

6,363.64 

HUNG  ORDINANCE.  ACFT 

38 

7,022.80 

HYDRAULIC  PROBLEMS,  ACFT 

32 

4,601.75 

INFLIGHT  EMERG.  UNCLASS 

54 

5,506.71 

REPORTED  FIRE  ACFT 

2 

256.18 

REPORTED  SMOKE.  ACFT 

8 

928.32 

Totals  Aircraft  (Yes) 

569 

57,190.50 

Average  Aircraft  (Yes)  Cost 

100.51 

False  Secondary  Category 

Ground 

BOMB  THREAT.  ACFT,  GROUND 

1 

24.00 

Standby 

ACFT  MAINTANCE.  STANDBY 

8 

393.13 

ASSAULT  STANDBY  (TYE  LZ) 

787 

1 18.519  28 

B-1  STAND-BY  MAINTENANCE 

3 

58.08 

ENGINE  START,  STANDBY 

57 

2,834.33 

NAOC  AIRCRAFT  STANDBY 

104 

7,343.73 

UPLOAD/DOWNLOAD.  STANDBY 

2 

242  73 

Totals  Aircraft  (False) 

962 

129,415.28 

Average  Aircraft  (False)  Cost 

134.53 

(Jones,  2007,  Brown,  2007) 
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HAZMAT  Response 

#  of 

Responses 

Response 
Cost  ($) 

Yes  Secondary  Category 

Conventional 

BLOWING  GAS  LINE 

2 

69.93 

CHEM  SPILL,  ACFT,  CLASS  1 

4 

116.03 

CHEM  SPILL.  BLDG.  CLASS  1 

1 

30.50 

CHEM  SPILL,  BLDG.  CLASS  2 

1 

115.07 

CHEM  SPILL,  UNCLASS 

2 

65  36 

CHEM  SPILL,  VEHICLE  CLS1 

5 

107.15 

CHEM  SPILL.  VEHICLE  CLS2 

1 

6.78 

CHEM  SPILL.  W/VICTIMS 

1 

557.88 

CHEMICAL  SPILL  INVESTIGATION 

7 

411.40 

ODOR  INVESTIGATION  GAS 

12 

416.47 

LEAKING  GAS  LINE 

5 

288  05 

MUTUAL  AID  CHEMICAL  SPILL 

1 

828.22 

FUEL  SPILL,  ACFT.  CLASS  1 

11 

961.51 

FUEL  SPILL,  ACFT.  CLASS  2 

12 

1,063.91 

FUEL  SPILL  ACFT.  CLASS  3 

3 

1,541.65 

FUEL  SPILL,  BLDG,  CLASS  2 

1 

146.96 

FUEL  SPILL  EQUIPMENT 

3 

49.55 

FUEL  SPILL,  GOV,  CLASS  1 

5 

87.98 

FUEL  SPILL.  GOV  CLASS  2 

1 

7.20 

FUEL  SPILL,  POV 

2 

207.59 

FUEL  SPILL  UNCLASSIFIED 

12 

560  74 

FUEL  SPILL  INVESTIGATION 

9 

1,351.67 

FUEL  SPILL.  STORAGE  TK,  CLS  1 

5 

21665 

FUEL  SPILL,  STORAGE  TK,  CLS  2 

3 

106.05 

FUEL  SPILL.  POV 

2 

45  34 

Totals  HAZMAT  (Yes) 

111 

9,359.64 

Average  HAZMAT  (Yes)  Cost 

84.32 

False  Secondary  Category 

HAZARDOUS  CARGO 

1 

762.38 

HAZARDOUS  CONDITIONS.  STBY 

7 

440.75 

INITIAL  FUEL/REFUEL 

9 

406.66 

REFUEL  WITH  PASSENGERS 

37 

1.852  77 

Totals  HAZMAT  (False) 

54 

3.462.56 

Average  HAZMAT  (False)  Cost 

64.12 

(Jones,  2007,  Brown,  2007) 
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Other  Response 

#  of 

Responses 

Response 
Cost  ($) 

Yes  Secondary  Category 

Equipment 

ACCID  EQUIP.  NO  INJURY 

1 

118.77 

ELECT  PROB.  EQUIP 

1 

246.60 

HYDRAUL  PROB  EQUIP 

2 

97  80 

REPORTED  SMOKE.  EQUIP 

1 

7.86 

REPORTED  SMOKE,  EQUIP 

1 

7.86 

Vehicle 

ACCID.  POVW  INJURIES 

1 

53.44 

ACCIDENT.  GOV  NO  INJURY 

2 

183.91 

ACCIDENT.  POV  NO  INJURY 

7 

467.81 

REPORTED  FIRE.  GOV.  NO  INJURY 

1 

14.40 

REPORTED  FIRE.  POV,  NO  INJURY 

1 

30.52 

REPORTED  SMOKE,  GOV,  NO  INJ 

1 

16.70 

REPORTED  SMOKE,  POV,  NO  INJ 

1 

14.47 

VEHICLE  INCIDENT  INVESTIGATION 

7 

196  44 

VEHICLE.  UNCLASS 

6 

367.24 

EMS 

ACCID,  EQUIPMENT  W/INJURY 

1 

77  40 

ACCID,  INDUSTRIAL.  W/INJURY 

1 

35.15 

MEDICAL  EMERGENCY,  CO  CALL 

7 

411.85 

MEDICAL  EMERGENCY,  UNCLASS 

78 

2,322.32 

MEDICAL  EMERGENCY 

26 

629.88 

MINOR  INJURY 

23 

528.24 

PERSON  DOWN 

42 

941.77 

SEIZURES 

7 

182.54 

Rescue 

ACCID,  POV  W  INJURIES 

1 

12.91 

MINOR  INJURY 

15 

409.40 

PERSON  TRAPPED 

2 

69.01 

RESCUE  EMERG.  UNCLASS 

13 

369.02 

Totals  Other  (Yes) 

249 

7,813.31 

Average  Other  (Yes)  Cost 

31.38 

False  Secondary  Category 

Standby 

MEDI  VAC 

1 

58.80 

STANDBY.  SPECIAL  ASSIGNMENT 

3 

115.73 

STANDBY.  UNCLASS 

22 

1.242.76 

Totals  Other  (False) 

26 

1,417.29 

Average  Other  (False)  Cost 

54.51 

(Jones,  2007,  Brown,  2007) 
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Omitted 

Number  of 

Events 

Event  Cost 

($) 

Exercise 

EXERCISE  STANDBY 

4 

11.08 

EXERCISE.  RESCUE 

8 

789  08 

EXERCISE,  INFLIGHT 

18 

2,282.12 

EXERCISE.  GROUND 

54 

4,118.30 

EXERCISE  MEDICAL 

8 

90  88 

EXERCISE.  VEHICLE 

1 

1.22 

EXERCISE.  STRUCTURAL 

71 

5,494.50 

EXERCISE.  UNCLASS 

6 

70942 

EXERCISE  HAZMAT 

2 

72408 

Omitted  Totals 

172 

14,220.68 

(Jones,  2007,  B 

rown,  2007) 
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Appendix  B:  ACES-FD  HAZMAT  Response  Data 


2006  HAZMAT  Response 

Response 
Cost  ($) 

Yes  Secondary  Category 

Conventional 

BLOWING  GAS  LINE 

1 

CHEM  SPILL.  AC  FT.  CLASS  1 

1 

CHEM  SPILL.  BLDG.  CLASS  1 

1 

CHEM  SPILL.  BLDG.  CLASS  2 

0 

CHEM  SPILL.  UNCLASS 

1 

CHEM  SPILL  VEHICLE  CLS1 

1 

CHEM  SPILL.  VEHICLE  CLS2 

0 

CHEM  SPILL.  WA/ICTIMS 

0 

CHEMICAL  SPILL  INVESTIGATION 

3 

ODOR  INVESTIGATION.  GAS 

10 

LEAKING  GAS  LINE 

3 

MUTUAL  AID  CHEMICAL  SPILL 

0 

FUEL  SPILL,  ACFT.  CLASS  1 

4 

FUEL  SPILL,  ACFT,  CLASS  2 

4 

FUEL  SPILL,  ACFT,  CLASS  3 

1 

FUEL  SPILL,  BLDG.  CLASS  2 

0 

FUEL  SPILL,  EQUIPMENT 

1 

FUEL  SPILL,  GOV,  CASS  1 

1 

FUEL  SPILL,  GOV  CASS  2 

0 

FUEL  SPILL,  POV 

1 

FUEL  SPILL,  UNCASSIFIED 

1 

FUEL  SPILL.  INVESTIGATION 

2 

FUEL  SPILL,  STORAGE  TK,  CLS  1 

2 

FUEL  SPILL,  STORAGE  TK,  CLS  2 

2 

FUEL  SPILL,  POV 

1 

Totals  HAZMAT  (Yes) 

41 

False  Secondary  Category 

HAZARDOUS  CARGO 

HAZARDOUS  CONDITIONS.  STBY 

1 

INITIAL  FUEL/REFUEL 

3 

REFUEL  WITH  PASSENGERS 

10 

Totals  HAZMAT  (False) 

14 

Omitted 

EXERCISE.  HAZMAT 

1 

Totals  HAZMAT  (Omitted) 

1 

(Jones,  2007,  Brown,  2007) 
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Appendix  C:  20  Percent  Normal  Absence  Consequence  Data 


100%  Manpower  Level  Consequence  Data  (20%  NA) 


Category 

Sub- 

Category 

Cost/Alarm  (S) 

Loss  Of 
Life  per 
Alarm 

Response 

Cost 

Material  Cost 

Total  Cost 

Aircraft 

Yes 

100.51 

12,337.43 

12,437  94 

0  000657 

False 

134.53 

- 

134.53 

- 

Structural 

Yes 

52.31 

127  22 

179.53 

0002889 

False 

45.63 

- 

45.63 

- 

HAZMAT 

Yes 

84.32 

27.01 

111.34 

0  000020 

False 

64.12 

- 

64.12 

- 

Other 

Yes 

31  38 

0.30 

31.68 

0.000563 

False 

54.51 

- 

54.51 

- 

90%  Manpower  Level  Consequence  Data  (20%  NA) 


Category 

Sub- 

Category 

Cost/Alarm  (! 

0 

Loss  Of 
Life  per 
Alarm 

Response 

Cost 

Material  Cost 

Total  Cost 

Aircraft 

Yes 

100.51 

12,337  43 

12,437.94 

0.000657 

False 

134.53 

- 

134.53 

- 

Structural 

Yes 

52.31 

127.22 

179.53 

0.002889 

False 

45.63 

- 

45.63 

- 

HAZMAT 

Yes 

84.32 

27.01 

111.34 

0  000020 

False 

64.12 

- 

64.12 

- 

Other 

Yes 

31.38 

0.30 

31.68 

0  000563 

False 

54.51 

- 

54.51 

- 

80%  Manpower  Level  Consequence  Data  (20%  NA) 


Category 

Sub  - 
Category 

Cost/Alarm  (! 

S) 

Loss  Of 
Life  per 
Alarm 

Response 

Cost 

Material  Cost 

Total  Cost 

Aircraft 

Yes 

100.51 

12,337.43 

12,437.94 

0.000657 

False 

134.53 

- 

134.53 

- 

Structural 

Yes 

52.31 

127.22 

179.53 

0.002889 

False 

4563 

- 

45.63 

- 

HAZMAT 

Yes 

84.32 

27.01 

111.34 

0.000020 

False 

64.12 

- 

64.12 

- 

Other 

Yes 

31.38 

0.30 

31.68 

0.000563 

False 

54  51 

- 

54  51 

- 
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70%  Manpower  Level  Consequence  Data  (20%  NA) 


Category 

Sub  - 
Category 

Cost/Alarm  (S) 

Loss  Of 
Life  per 
Alarm 

Response 

Cost 

Material  Cost 

Total  Cost 

Aircraft 

Yes 

100.51 

12,337.43 

12,437.94 

0.000657 

False 

134.53 

- 

134.53 

- 

Structural 

Yes 

52.31 

127  22 

179.53 

0.002889 

False 

45.63 

- 

45.63 

- 

HAZMAT 

Yes 

84.32 

27.01 

111.34 

0000020 

False 

64.12 

- 

64.12 

- 

Other 

Yes 

31.38 

0.30 

31.68 

0000563 

False 

54  51 

- 

54.51 

- 

60%  Manpower  Level  Consequence  Data  (20%  NA) 


Category 

Sub- 

Category 

Cost/Alarm  ($) 

Loss  Of 
Life  per 
Alarm 

Response 

Cost 

Material  Cost 

Total  Cost 

Arc  raft 

Yes 

10051 

12  337.43 

12  437  94 

0.000789 

False 

134.53 

- 

134.53 

- 

Structural 

Yes 

52.31 

127  22 

179.53 

0002889 

False 

45.63 

- 

45.63 

- 

HAZMAT 

Yes 

84.32 

27.01 

111.34 

0000020 

False 

64.12 

- 

64.12 

- 

Other 

Yes 

31.38 

0.30 

31.68 

0000563 

False 

54  51 

- 

54.51 

- 

50%  Manpower  Level  Consequence  Data  (20%  NA) 


Category 

Sub- 

Category 

Cost/Alarm  (S) 

Loss  Of 
Life  per 
Alarm 

Response 

Cost 

Material  Cost 

Total  Cost 

Aircraft 

Yes 

120.61 

14,804.92 

14.925.53 

0000920 

False 

161.43 

- 

161.43 

- 

Structural 

Yes 

52.31 

127.22 

179.53 

0.002889 

False 

45.63 

- 

45.63 

- 

HAZMAT 

Yes 

84.32 

27.01 

111.34 

0000020 

False 

64.12 

- 

64.12 

- 

Other 

Yes 

31.38 

0.30 

31.68 

0000563 

False 

54  51 

- 

54.51 

- 
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40%  Manpower  Level  Consequence  Data  (20%  NA) 


Category 

Sub  - 
Category 

Cost/Alarm  (1 

0 

Loss  Of 
Life  per 
Alarm 

Response 

Cost 

Material  Cost 

Total  Cost 

Aircraft 

Yes 

140.71 

17,272.41 

17,413.12 

0.001052 

False 

188.34 

- 

188.34 

- 

Structural 

Yes 

57.54 

139.94 

197.48 

0.003467 

False 

50.20 

- 

50.20 

- 

HAZMAT 

Yes 

92.75 

29.72 

122.47 

0.000028 

False 

70.53 

- 

70.53 

- 

Other 

Yes 

31.38 

0.30 

31.68 

0  000563 

False 

54.51 

- 

54.51 

- 

30%  Manpower  Level  Consequence  Data  (20%  NA) 


Category 

Sub  - 
Category 

Cost/Alarm  (1 

i) 

Loss  Of 
Life  per 
Alarm 

Response 

Cost 

Material  Cost 

Total  Cost 

Aircraft 

Yes 

150.77 

18,506.15 

18.656.92 

0.001118 

False 

201.79 

- 

201  79 

- 

Structural 

Yes 

62.77 

152.66 

215.43 

0.004045 

False 

54  76 

- 

54  76 

- 

HAZMAT 

Yes 

109.62 

35.12 

144.74 

0.000034 

False 

83.36 

- 

83.36 

- 

Other 

Yes 

31.38 

0.30 

31.68 

0.000563 

False 

54.51 

- 

54.51 

- 

20%  Manpower  Level  Consequence  Data  (20%  NA) 


Category 

Sub- 

Category 

Cost/Alarm  (! 

f) 

Loss  Of 
Life  per 
Alarm 

Response 

Cost 

Material  Cost 

Total  Cost 

Aircraft 

Yes 

170.87 

20,973.64 

21,144.51 

0.001249 

False 

228.70 

- 

228.70 

- 

Structural 

Yes 

78.47 

190.82 

269.29 

0.005201 

False 

68.45 

- 

68.45 

- 

HAZMAT 

Yes 

134.91 

43.22 

178.14 

0.000040 

False 

102  59 

- 

102.59 

- 

Other 

Yes 

31.38 

0.30 

31.68 

0.000563 

False 

54  51 

- 

54.51 

- 
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10%  Manpower  Level  Consequence  Data  (20%  NA) 


Category 

Sub  - 
Category 

Cost/Alarm  (! 

i) 

Loss  Of 
Life  per 
Alarm 

Response 

Cost 

Material  Cost 

Total  Cost 

Aircraft 

Yes 

201.02 

24,674  87 

24.875.89 

0.001315 

False 

269  05 

- 

269.05 

- 

Structural 

Yes 

104.62 

254.43 

359.05 

0005779 

False 

91.27 

- 

91.27 

- 

HAZMAT 

Yes 

168.64 

54.03 

222.67 

0  000040 

False 

128.24 

- 

128.24 

- 

Other 

Yes 

62.76 

0.60 

63.36 

0.001126 

False 

109.02 

- 

109  02 

- 
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Appendix  D:  20  Percent  Normal  Single  Consequence  [v(Xc)\  Data 


Risk.  Scenarios  for  10%  ML  (1  =  “ 

3ccur“ 

0  =“No“) 

Single  Consequence  Data  |  vTc  =  |  0  |  0.25  |  0.5  |  0.75  |  1  j 

Aircraft 

Structural 

HAZMAT 

Other 

Yes 

1 

rrm 

Yes 

1 

Yes 

1 

Yes 

1 

26.113.56 
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1 
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Aircraft  I  Structural  I  HAZMAT  I  Other 
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I  MMWniMiniiitwIiiiiiiwiaBiwiina  fcnwgn  ■HiW-ii  ■*}:][:■  ■niuian 

l  ^^SHUtESSlEE53l!E53  k»vH»  H'^l‘:l  ■in:*»i 

i  mm-iiMBiimiaMi  WEgg  wrm  gm 

I  J  nnM  ni  i  irr^TI  SHU  !iTl  It*/? !  I  hn. ai^lill  Bn  w  ;n 

I  E£!5|l  taiaaij  BFiTliH  buh  i=i3  ma  hn^na  mmai  ■ma^i 

I  B(MH  »HBiIil 

I  gaggl  gEga  hi*H:n 

I  »M[iWJCt^BiIimJHriT!TOTlBi»«:l!n  gtTiTCT  BWHti 

1  aiaa  iW  aaaaj  ■'n:v~i 

I E E^3  tiTi'rrV-1  rr^TH  m-HM  Bi  W!:!:l  TT^rl  Bit  !iV-':|  BiWM  I  gT77<l 
I  |t:::H:i ■  »mu !:*l gaatil g£aa  ga^M  h'lt  H M  1WI1 

I  Mi IiTiV<:I^I giTriBTHi!:ifl<'sTl  liTilAH  BiTiHill  WiVitiM  1iTiW:U 
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0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

■7M»r<,<r.«rr7T?iiii',i':v;iiiv-,:V:i  tsti  ni'i'i  n.im  irm  \ 

0 

1 

1 

1 

1 

1 

0 

1.179.31 

■reHfrfrjIumranBfcraiEi  BTcra^  ■rem^i  hn^tSl  ■renni^  1 

0 

1 

1 

1 

1 

1 

0 

if  ’M'WI!  » 1 1 H  i  m  B IUBHiHEi HHUMfri El  ■Hfl.lfrl  ■H.HliEl  ■il&lftl  ■reiiEEl  MBHiIl 

0 

1 

1 

1 

1 

0 

1 

PffiUHESM ireHfrEl HHHESI I MKEEEE1  ■OKEEIl  MCME!  ■iKEEUi 

0 

1 

1 

1 

1 

0 

1 

M M  Ti'-t i ■  FTTW1  IiTi;.'*!  1 warm*  MWJ'l  BilAHJ  T7n 

0 

1 

1 

1 

1 

0 

1,051.07 

■reMEmlnmraM  literal  t.-i  BEra^a  ■renSl  ■n^r^l  ■ihheeJ  Krei^ia  1 

0 

1 

1 

1 

1 

0 

i "tf  ill*  *i  K^T9  hrerai  \  u  muiraE!  irera?  ei  ■reraEfl  ■remsi  ■iiira:<a  mm***  amn 

0 

1 

1 

1 

0 

1 

1 

0 

1 

1 

1 

0 

1 

1 

0 

1 

1 

1 

0 

1 

0 

^F7!T7M  irei*  eti  ihuimi  ■rera^i  ■  ■rei.T^i  ■huheem  ■reinsi  ■reissi 

0 

1 

1 

1 

0 

1 

0 

0 

1 

1 

1 

0 

H£j2SI 

1 

0 

1 

1 

1 

0 

n 

1 

0 

1 

1 

1 

0 

mg® 

0 

0 

1 

1 

1 

0 

0 

krett&Ei  Brera^!  i  ■rera^i  B1TTCS1  BTrJTl 

0 

1 

1 

0 

1 

1 

1 

1,151.41 

11  MW.ia  BiTEfiTl  BEBI 

0 

1 

1 

0 

1 

1 

1 

M  M  fiT  HH:W  ITTm  1 1T1M&!  1  tilXVA  H7TT1  1BU  fcl  Wi\i!A  1  THfl 

0 

1 

1 

0 

1 

1 

0 

G50fa3S  B  irera-wn  EES5I3  Irerai  si  ■reraui  ■murai  mcraEi  ■reran  ■reran 

0 

1 

1 

0 

1 

1 

0 

BgipS  irerare  i  iinnraE!  arerai  ei  ■reraki  ■huhhh  McraEi  mhim  greran 

0 

1 

1 

0 

1 

0 

1 

1,023.16 

■rei^iBi^!i!^Tlrfi^:k4  wimiw  BTITH  ■re^J  mxii-iM  rfi^H 

0 

1 

1 

0 

1 

0 

1 

V  .  :  M5ntTMIlK5riIlTlTl!3TlIlT5EST3  FiH*’lBiTi'-<:l  ffESTEI  jH| 

0 

1 

1 

0 

1 

0 

IfrSOKli  B33%TMirei3  E^ireiirangreraiEi  BEBU  ■rem»i  ■■i^raTil  ■remJ  ■reisui 

0 

1 

1 

0 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

0 

MII%SMfcreifr£raiiiiiira£iKfl5ra£]i  ■rei??il  ■re-nil  ■heeeei  ■rei^a  kreirai 

0 

1 

1 

0 

0 

1 

0 

0 

1 

1 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

^Kc?JEMirew*fliiiiiiira£iBrera£]i  MreiiM  BuW&Sl  ■re^nl  arewi 

0 

1 

1 

0 

0 

fiaiiuin 

0 

MM  1  1  IIMlil  II  IIM1I1I1I  n  IMKiWiH  MKiW:! M.-jl',1:! BiT&Jil BiIiWiI KitVi':f J 

0 

1 

0 

1 

1 

1 

1 

MiM3l  BiESTI^B  ireifr^n  ■mu]  \  ta  Brewn  1 1  ■rewna  auram  wre-iraa  ■reiw  Brei**! 

0 

1 

0 

1 

1 

1 

1 

^HTTTT*  ■  i*:>i  k?  ■  ■ifilil  i  n  BifiWiI  1 I  ■if^Jifl  ■i|:^l  ■reEEEl  ■re/iftfl 

0 

1 

0 

1 

1 

1 

0 

PI  irei*T*i  iiimiiiii  i  Bretiiwa  ■reEtfri  tajlj'&Ji  tarewsi  ■ubeeei 

0 

1 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

M££f£MfcrerairjffIiIiIikMkre^ii£jl  ■refliTl  ■useEI  ■rewni  meieei  krewni 

0 

1 

0 

1 

1 

1 

0 

1 

0 

1 

1 

0 

0 

ga^Tfyi  ^Ey^TuM  hreu  e*  j  lifemri  i  n^Eran  ■reE5£l  ■re:o$l  ■reEral  Mrettn  kreMti 

0 

1 

0 

1 

1 

0 

0 

0 

1 

0 

1 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

0 

1 

0 

1 

0 

1 

0 

w-ni-tM  iniiiiiiiin  ■  imiiiiiii  WtiimnB  u^<i  ■i]ei:i^1  ■oeem!  uma 

0 

1 

0 

1 

0 

1 

0 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

IK  lira 

1 

0 

1 

0 

1 

0 

0 

LOW  ^tT?i^?Mii]t:i:w»iiiiiiiiiiiiiiBiiiiiiiini  BTciimni  mdee^I  ■oeemi!  ■rei:w^ 

0 

1 

0 

1 

0 

■rm 

0 

^F!TITTMhrei:w^iiiiiiiiiiiiiiB(iiiiiiiiii  ■kuiiuh  ■re^fr!  ■oceeei 

0 

1 

0 

0 

1 

1 

1 

iPSMil  ^K^MkreM»i^Biiili]irjKreHnii  ki^TiTl  MreEnfil  grewnii  ■ueim^  ■rer^n 

0 

1 

0 

0 

1 

1 

1 

0 

1 

0 

0 

1 

1 

0 

0 

1 

0 

0 

1 

1 

0 

!IH1  ire  m  i  ■■mmni  i  ■n-Eran  ■reEna  ■oeehei  ■rei=i*a  Mrei^n  ■uewh 

0 

1 

0 

0 

1 

1 

w  ^EBBEE3KEH3BSZ0  wnniTi  Mom*  ■  BES3  ■re^n 

0 

1 

0 

0 

1 

n 

1 

i  i  ■min  i  ta  KreMU  1 1  ■h:hhi  ■n:Eyn  ■re^Ei  ■iiEran  gre^n 

0 

1 

0 

0 

1 

0 

0 

nT777I«l  nTTiTim  ■reEM^  ■reEiiB  Brei=m  ■re//71 

0 

1 

0 

0 

1 

0 

BW  hrei:j  r^i  ■■juimm  i  DT^ran  ■re^'^1  ■■^i^rTi  ■oeei^J  ■OEErai  ■rei:iM 

0 

1 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

1 

1 

M  gT?7ni  MEiaM  hre?j=Ei  ■re-.^l 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

BTM  krei=raEi  Btiimiiiii  ■  miiinmi  ■mimni  ■uEErai  ■oeemJ  ■rei:^m  krei:raa 

0 

1 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

1 

BW  KSSSMtMMEMiWniM  KSS3  ■rerai^  BE3 

0 

1 

0 

0 

0 

0 

0 

t  vti^  ■  kuEEHmi  ■innnnm  BTilmum  ■idi«T»T«1  ■re^i^l  ■i^eeiJ  ■rei:Ei«i  kreEM»i 

0 

1 

0 

0 

0 

o 

0 

BW  ^KSETiEMhresnini  1111111111111  BTruiumi  ■imTiTil  ■resral  MreEmi  ■ijeehih 

[Single  Consequence  Data 


0.25 


0.75 


B M:  i«l  yj  lirf:7>:Tl  liTiTTn  liH-'iVTI  WiVZZi  BTiBl  WE3SH1  BiMliM  BiTSTiffil  I 

i  i.iiWiit'^t^rrvTTiiit^vvTi  »i w&ti  Bit!!<'i  wraa  E53  wtoi  | 


3  M7^TMIitnTiTllimiiM:Hliim.Ht[:«  hUfliHil  KiVjtel  ■'!•■•*'>«  ■H:j[£l 

ui-'-ii'iij-Ti  ili»«:-niir»« -ni  ■'■--■ill  ■itriii'i 

:i  M  I  ■  IiT:VJ:!^  1  FffiTTTI  HJ<V>n  WJHM-M  TTiTEl  m'lfcl  MitW&l 

ij  ■77Tr»rr?^l'I'l',T^IB'fc,^H  fcit.l.^1  Kil-liUcB  BIBU  ■  iVr*:*! 

3  ^K!?1PMfiT!^<plliIi;il.Ti:IH'Hi.T^il  fcilM.T£l  |iM[m  IWH  ■H:n7il  ■UK**! 

a  MB&!I  B'Tikll  1iIAW:I  IQWSU  ■iBEttcl 

TTTWrTTI.iiri  fcifc  .V.1  rVifj.l  Mir  ii  :-■  ■  it::xrl 

ii  TnfiTT7?Ti7inr*rT?lgT7rglBiF>;:ii  hni:>i  ■nwrei  ■hwji 

li  KSEMEin3l!E!H!3ESI3  E53  ■n^-ri-i  KES1  »*Kii 

i  r^TTMliVN--.llliI''''^:''ll'^^l  KiViM  BMMiJI  MUSTI  M'^'n.-':| 

!’.  M.^'4<V^»i^r>t:iiFTrr?nBi)k..ri^l  ■Dki-.r^i  hiMKCB  aiwi  mw+i  ■mti 

■■  M?rt?Mrc?MrrirrT?igTTT?riBi>-J<i--i:i  disi:tai 

H  T!!iTiTiMIiT?^Tliiiiii;.Ti:iBim;.Tt:n  tmiwi  BE31 ES3 
S  tiXi-rci  Wh.ii.ib  imj»i  ■nac'El  ■HHftJ 

it  ^Et^MTO^iiiginaii^gn  bemi  grata  im  gtiAij  FTtiTi 

'■  ^r^TTTTM  iliUBit:.:  .'.':1  fc  it:  git:'-:)  :-j  ■iti'ifrl  ■  it::<Tl 

3  agjMjg^jgHgicaiig  i&mi  u£jj  bifsei 

'i  ^FTT7TMrrrT7TlBi|'l'ii<lB'l:f^|:;:l  fciEMU  KfaliWil  ■HEMEl  ■i|t:l::-'-f 

i?  ■37TMBTmaiiiiii]iiiiii»iiiiiiiiiiifc»iiiiiiiM  Bttiin  ■mt:  w  ■intoTl  ■im:«:I 

■i^E^T!iMIi^Ti^l»iIiIi]IHMliI:KH:l  fc'EKH  KbWI  ■'»:!<»:«  M'lt-liTl  ■i>:-::ivJ 

■:  ^EjEM»i»:"^-':3»iIiiii|I»"iiii»  fclllililil  ■  iKKiaH  ■'fcXlTl  ■ 

3  TnMIiT^aiiiiiiiiiiiiiBtiiiniuii  hiniiuii  lit™  ■nEHfri  ■utmJ 

8  MjSEUl'SH'W-la'I'I'ilMF'IMIEI  t'lmi  ■ifr.fr'Tl  ■il:MilJ 

5  ;^^Uni:!:M:>lliIiIiIiIiII»i1t:t:14iH  ■HEIfcKl  ■HWia  ■HRIMil 

.i  ^?TMrT!r7rifTrrrniTT771BitV,.'l  IIHII  BTCTTBl  BiHiWiI 

:!  M3ITITiTMHT%Tn»iiiii]iM»HMiii  fcupmii  Msimia  mw-nTI  hiwiI 

3  ■'i-i-ini  Mizn<rM  M'l^M 

ii  TTT7M  fTHTTH  ETTiTTCl  FTT?m  hn:ti  MWI ;  i  WF<«n  hiT:":i?l»n:-:w:i 

n  ^ggj^^Mgg^^^gjTjTjTiTiTilgTiTiCTTil  Mi^W  J 

3  !^M3TiTi^WKtiTiTiIiIilligiIiIiT?CT»liTiTiTiTil  BMiMil  BBI  WiIiMil  KIMiIil  WfiTiTiTil 
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1 

1 

1 

1 

1 

1 

1 

1 

E'lJi'ril'rM  Bil'iUI  BiTi'iVJ  ■  MU  'A*  im  ■iIIAVl  ■TAAl 

1 

1 

1 

1 

1 

1 

1 

0 

1<1  gTlTraiKiHf*!  MUf&l  gTTTTl  ■it-.'i"!  mm  1 

1 

1 

1 

1 

1 

1 

0 

1 

22.048.19 

■>x  i*im  ■•iiiii^  mm**  ■0K4.ii  1 

1 

1 

1 

1 

1 

1 

0 

0 

wjiahai  ,m-« grm ■. h-vhi utm wv+va behui eesj 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

0 

1 

0 

■iw:*i  TKT51  BEEl  TT5T1 1 

1 

1 

1 

1 

1 

0 

1 

21.943.59 

■>i  :*#w  liT?T!^l  wmi-.<w  liT^Tl  m\yn\ ?M  kn^i  1 

1 

1 

1 

1 

1 

mTIH 

0 

0 

«  «II  !:RM  ■iIiTiTiVl  BWI  ■it'/.’:’.:!  ■iK.'n.f  BiH? !  1  W 1  ■'!  SSM 

1 

1 

1 

1 

0 

1 

1 

1 

B-WAtl  BiTu'r.'l  BOWiM  MBMI  MU  HI  MHi!M  BH':'*! 

1 

1 

1 

1 

0 

1 

1 

0 

1 

1 

1 

1 

0 

1 

0 

1 

WHAM  WWll  BiHlif  MiltTiil 

1 

1 

1 

1 

0 

1 

0 

0 

J 

1 

1 

1 

1 

0 

1 

1 

21.797.13 

mmim  M.'y;.ciM  m\ma  ■<  \ 

1 

1 

1 

1 

0 

0 

1 

0 

Wa  VI  WrM  Ifl 's!  H  HTuTTil  !■*>":!  IQWiM  BiHE  El  jjEjBl  BE 13  EEHM 1 

1 

1 

1 

1 

0 

0 

1 

21.765.45 

■H^MBTi!iT7lMiW:»a  ■■  W[»J  1 

1 

1 

1 

1 

0 

HTi'H' 

0 

0 

nufiMHmAHmiw.i-ma  BiHavi  ■inn  BiiF.'fni 

1 

1 

1 

0 

1 

1 

1 

1 

BAIil  AT  M  BiT  1:?  1:1  BTuBl  Bl  WA1  BiTj'Al  iBBl  Bi|!A>I  Bit  1:’ 1:1 

1 

1 

1 

0 

1 

1 

1 

0 

BmifcMBillAtjBiIiTifilBiMIAl  ■iT-iAl  BiHiHiI  BiHilM  BiV:!H  BiTH&l 

1 

1 

1 

0 

1 

1 

0 

1 

21.977.74 

■H  mm  ■i^:sl  ■I^:<1  hi^-l-TJ  kiF-^1  1 

1 

1 

1 

0 

1 

1 

0 

0 

mi  *****  hn  mm  IflEn^a  ■uw*!  ■ura*!  IjgEgl  WTZZ1 BEE «  toiEaaa  1 

1 

1 

1 

0 

1 

jUjH] 

1 

1 

21.906.82 

■H[:i:MliTiTiTIlWiW[^l  MiW^B  hOKi^Il  liTTiT^l  HIMj  ■Hffria  1 

1 

1 

1 

0 

1 

■m 

1 

0 

mi  Em  IE  33  VTiTTl  BE  ESI  BE  ESI  KEEJ  7g7|  Vi  EU  1 

1 

1 

1 

0 

1 

0 

1 

21.875.14 

EUt Ej^l^a  mw<*  hi^i^  wmn  mvmd  mmmm  1 

1 

1 

1 

0 

1 

0 

0 

EK!5SEHSE!1KE^E^1  Eg 31  Brand  brai-td  1 

1 

1 

1 

0 

0 

1 

1 

1 

21.831.28 

■H^KMffTuTTHWi^ii^  ■0Wij:a  hi HHI  VTTm  1 

1 

1 

1 

0 

0 

1 

1 

0 

li^IM  liTTTIi  BEH3  EEEJ 1 

1 

1 

1 

0 

0 

1 

0 

1 

21.799.60 

mmm  Mre**!  h^jtM  WTZZ1  m^i^4  mmmm  \ 

1 

1 

1 

0 

0 

1 

0 

0 

«IKM(iMhilHMliTi!iT7lMiW:»icI  ■OK**!  IjEUE!  BESTl  ■■«[$!  1 

1 

1 

1 

0 

0 

1 

1 

21.728.68 

■H^-aliTiTiTTilMiF-Wia  ■nwu:l  hiWLf  liTTT?!  ■UKiHd  ■»!  mm  1 

1 

1 

1 

0 

0 

mm 

1 

0 

m'A  Eg  S  rm  teii  --rsm  glFTTH  BE!  ';l  Bw  i  fci  ■■rai-rni  WTTg\  1 WX  57 1 1 

1 

1 

1 

0 

0 

0 

1 

21,697.00 

mre**!  howiM  m^md  1 

1 

1 

1 

0 

0 

w 

0 

0 

mi  IK  HC  Bl  ittl  ■  BTuTTl  ■UK*S1  lUKW  BT7!*1  MUM  EM  ■HEEIM  1 

1 

1 

0 

1 

1 

1 

1 

1 

21,808.57 

kn  wxm  VTiM M  hotel  PM  hmn ym  ETEB51  hmiyki  mumm  \ 

1 

1 

0 

1 

1 

1 

1 

0 

mi  h>i  mifl  k  *■  ■mu]  eb  ym  IflFET  ym  hk  i  ym  hoc  53 51  i  *i  ■>!  ei  id  1 

1 

1 

0 

1 

1 

1 

0 

1 

21.776.89 

■n  m  ■  fcmii]  m  Wm:.j>:u  ■n^TTil  ■hK:<n<  ^  1 

1 

1 

0 

1 

1 

1 

0 

0 

IfrMfrl  1 

1 

1 

0 

1 

1 

SUEDES! 

1 

1 

21,705.98 

■■I  Nii  ■  hum]  li»^i  ym  WftkiYM  ■n^ni  BjEjEEl  MUHia  1 

1 

1 

0 

1 

1 

Kifl 

1 

0 

mi  n*i  i  tm  ^ii  m  u  BFiTEl  ■■  xti  vM  Eg  ym  BE  ^  E ^1  mxi  u  ■  mu  eh  ■  1 

1 

1 

0 

1 

1 

0 

1 

21.674.30 

■H:W»a  li^TTil  U^  ftM 

1 

1 

0 

1 

1 

0 

0 

m'A  l:j  '■■'ki-U  h'l  VTTT^l  ■iT:V:-:j  | 

1 

1 

0 

1 

0 

1 

1 

1 

21.630.44 

mumzm  h  ihem  manusi  mmm;m  \ 

1 

1 

0 

1 

0 

1 

1 

0 

KYM  1 

1 

1 

0 

1 

0 

1 

0 

1 

21.598.76 

mmoim  l»  jii»i  ym  V1ET3E1  BET551  1 

1 

1 

0 

1 

0 

1 

0 

0 

mi  i.i  i  p'-M  huKitt  ■  117^1  mim  '*  hn::i  mj*iz  1  mim  :m  mwa  ■  1 

1 

1 

0 

1 

0 

Hiii'iMI 

1 

1 

21,527.84 

mijhwm  ■mu]  [:■  mw+rn  mw+rn  muzum  ffTTuTl  BM  wnriwi  \ 

1 

1 

0 

1 

0 

(■TH 

1 

0 

«C^»jcMhi]WiIMliTiTiT^lMi>ml  MUmiM  ln^-l  VEU  ■■****1 1'WHM  1 

1 

1 

0 

1 

0 

0 

0 

1 

21,496.16 

VFu^l  mm  ^  mx-iv*  liTy!?l  VIRT^l 

1 

1 

0 

1 

0 

0 

0 

0 

gT^Zl  MiKIWM  BElH 

1 

1 

0 

0 

1 

1 

1 

1 

21.740.12 

mmiym  i!T!!?l  iocei^i  wxntM  IHT7T1 1 

1 

1 

0 

0 

1 

1 

1 

0 

mi  ■  fcij  VT^l  mifil  YM  YM  XA*  l<K  [*1  ■■!  \ 

1 

1 

0 

0 

1 

1 

0 

1 

21.708.44 

WS&SM  mmwM  ■hm^b  1 

1 

1 

0 

0 

1 

1 

0 

0 

1HWI  BiHHj  HiH^'ill 

1 

1 

0 

0 

1 

0 

1 

1 

EE3E1*   '  •“ 

1 

1 

0 

0 

1 

0 

1 

0 

1 

1 

0 

0 

1 

0 

1 

mri  ■■Iili]  <■  ■H^cl  ■iHH[il 

1 

1 

0 

0 

1 

VI 

0 

0 

1 

1 

0 

0 

0 

1 

1 

1 

Ji'K'KJi'X’MMfciMiM  ESjJ  BEH1 

1 

1 

0 

0 

0 

1 

1 

0 

Hi^^l  Viriotil  BESH 

1 

1 

0 

0 

0 

1 

0 

1 

21,530.31 

1  liT!7iT^l  ■n:ii  *1  ■h:mm  huy’M^  mmtyim  \ 

1 

1 

0 

0 

0 

1 

0 

0 

■■j  i  h.w  ^'W'i  m  TiT^  ■■ire  -M  miiih  alnwii  TvTvl  ■nwii « 

1 

1 

0 

0 

0 

0 

1 

1 

■HMM  ■HHiiSl  MiWiWM 

1 

1 

0 

0 

0 

mrm 

1 

0 

EEEBKB^EnElKE51  EE3  K^3  KESI  ■hhm»  IW1 

1 

1 

0 

0 

0 

0 

0 

1 

gtSBBKE51K!E!3BE33  BT^TZU  BE51 KEB  KE31 

1 

1 

0 

0 

0 

■[1 

0 

0 

wmu  Bii.-tt:!'!  Tr?m  wma  iiWiHi 

[Single  Consequence  Data 


0.25 


0.75 


MUf&l  BiWi'il  BiWiHl  MKTiU 

I  BBH  MHW1  BM  gEgl  MMl 

I  BMliKlil  KILrl  BftETTjl 

I  Wi  W  !:1.  J  III !.ri  fTTirTn  liW  [AH  W\i ':«!  U:K  [if  THTH1  HvYi’iI  >1 !:!  M 

i  ■'Min  rrm  121a  esi 

i  mm  !  *«  ISM1 EE23  *'**"•-'  i  BlgjJ  BF-fli  iwi  gjjfjj  wtti 

I  MS rVi  FiM II J ITuTTITI IiUJiffil  WilKi'M  BiH!!;l  gTTTTl  WiVMl  BiKWl 

I  mi EH3 1'itMi nr7?!i  tE53  BES3  BEBI  ■■ w E3  ■'« m-i 

I  >;i.':':T?l  lie'll  I  HIili!iVJii»itHiVn  WWi  ■iH.tl  TCTfil  Bil-.'|':'I  WiVu'-M 

I  «mi*^iiwi?j<nmiT7n»iw:>!»Tl  iwh  bwwITO  mh*k4  mmy*t 
j  ■hmmi  hnwsi:!  WRSE1  BiKiI!! 

j  «>fli»^BHt:<i<iiFTrTiiHaiw:^!a  BiW^l  hiwma  WEiTTl  ■nisi  J  ■usmn 

i  u-:  h  Mi!  i  n  h  i  g  frrrm  iimtn  iiwai  mma  iBai  KEE3  n 

I  mi  i  I'M  an  km  i  ■  DmT71*l  bum  mm  rea  tow  i  m  WTF5I » wn  an  km  ■ 

I  ■iWi:Hl  hi]Mi«:«  WJZT1 ESSIES!! 

i  EBjgjgjjEggijjjggg  gjg|g  grori  masa  beseti  warn  grerrci 

I  Mjftli?*^BilKKKTi|lftti|iVJillBiBWiM:l  H/T>.|':|  BT<  .- UtiMiU  MiKi  0i 

I  aaiam^liEiliatF^i'iW'^  MiKHiM  KiWfji  grain  g  y  -~"§  b  t.  ~  i 

l«|.n''t:''l  Ijvi^VJ  ESZ3  liWWH  BjjjjjjJ  EESEI  MH  M  MjjjM  TSUI 

I  Ihlif^VtVMi'^^WiilTOTiTItilWiVIl  KW71  jt.Vi’:’.!  Mn-;iVn 

I  iifflllj  »iKi;.r/j  TT7*i77iTl  MMiiy^l  MOi&l  imi  Bra«Sl  Kjj&l  ■h-jii-tj 

I >1  t  M:fclB  EESII  1*H&H  gjEjgj  El  - i  I  gjjjij  gTTTTl 

I  Wlia:MtiKiI^Iill3CM3BK:!c!clil  MKAU  Bragg  BiHHI  BiKHil  BraiTSl 

I  «>i»:I:MliWiim3BiIiIii[:aii»i:I»H  fclTtlM  ■HIHSl  MIKM.!  ■'*IKT1  ■'F.'HIJ 

I  jgr^ra  IREUf  25iT5  EE33  ESw3 

I  fclMMKiB  IiKm  K'-J  liTTiTBSI  hilSM  ■  WCgTl  liMM^  F*?il  :1 

I  EtSiSJ  jiE^II|iBj53>iT??rnK^^|  KESf'Tl  TBT^f  BiKilijil 

I  ■-jt»«,jiJliWiIHil«iIiiii[:lilli>^IW<l  timiM  ■HC^Hl  ■HHiWH  ■iWHH 

I  EuZiw:  EK-'Ti  3  S!^r3 

I  »-.<g^!.1:-7BliKi  .TA-3Bi|i  ■i|xi;il  ■iI.XikI  ■iKt  .t J 

I  KtM  gAtLil  T^l 

I  ■-JI.WiliMliKilil.aiiliTiiljJIiU^a  Bil:MU  KiT^':'iI  TI7STTT1  BitViH  ■iWiHil 
l«Eff:lnin«iMilii»HiIii[:iBli>£M:i:l  ■HMHH  MUiwTil  ■iWliB 

i  w-i  w  c  re  d  mm  m  m  TTTO1  ■nwnn^  ■urma  hnw-M  BPB1  BE^PBE3 


I  Bil:MU  KiT.^U  t^Tl  BiliW^I  BiWiH 

I  Mi fli HTTiTBl  tiTiTiTHl tiTITgl  BiTHggiTTB.1  WEEES1  BiliMM  BiKMI 

I  Jmwiii  JBiiniireiMiMwi  ■m.imn  mih^H  ■iwnnl 

I  »*-<  g  BiK'i  fi  1:1  Bill'll  ■il:J.  1  ■il.‘  Ilf  J  ■i>(..yTl  ■iKiNl 

I  ■H.HiH  KhMiMB 

I  mi  xrri  ^  ii»jii:»ji  ITmTvI  in:M*n  kn  W  H  WX&ZI  HitWi!  1  MMi ;:H 

i  K».HJHBiiBBgB.T.iiiHiigr^gi  bttti  pm  mgm  T7TC1 

I  »-<fc<<t-.TBiKi::  :l:1IiTilh':;M|i»^;:>::<  gTj^l.1  ■H.Him  jjT  -rTl  WWI 

i  mr^ii  iroi  iru 

1  BE5BBKB!E3E!S53Ein^  E33 wr??l  kiVry^ll  MifrjM 

I  ■HMK«  kn^HX  BXTfil  bumJ  MiWiiiB 

I  fc-. I ri;> f:M -Till [:1  i kiVi>:ta  fclf  jfcj  T^TTl  IjlllM H  EH 
j  »a»wji|Mltilj!^EE7rg:|g;r;ngg  igpHSl  gxnns;  grejns  353HI  EEHlI 
i  MigE^ni^atatiTiiHiBaroi  Bii^n  gBroi  h-^m  wroi  ibisi 
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Single  Consequence  Data 


0.75  | 


B  e!  ■HHiki:iil  hi*  K1  fciKa.1  ■  ffToWJ  ■H^iKl  ■HOK^l  ■USIftll 

ETOl  E  S  H&l  Big  5  r/1  BEETE1  B  JH=H  I  ■■*  rei  i  BflET&l 

MS?»yrMKnE5^1liIiIil.1:Iilki*a.1M  ■HEEEE1  ■UEIfrfrl 

M7^TT^Mnr77?Tliiii:i^iknsr^yi  fcnsr/a  KfcuuEi  mem  in  memEI  memhI 

fclfrEEi  BW*J  ■H^H  ■H:lf:51  ■OWfri 
HEEM  mem  MEMitti  ggllgj  fcraiSEi  ■ueieej  ■hemiTI  ■noun! 


[I  M  ^  I  i<in^  rTu!?71  bh  iiiw  huEifrii  giT£!?l  meeeeJ  ■0Ett*i 

■1  ^E^SMBEH3Sliiiinntak*a:na  fc*H:ia  Bkinia  meem  ■nfriEl  ■hem.i:! 

f\  aiw  himm  gTSST!  MESEri  mkmh 

gj  me^hei  imuran  mix  ■’oc^b  hn.i3«  ■ownn^  ■UEEEij  ■■jemih 

?-  FiTETSITI  ■nnii.i:iii  ki»^i  <i  fcmaia  ■ueiieki  ■uma  ■n:j[^l  ■iJEranl 

I  ^EflBMBifSTSffliiimnwikiiiM*!  fcucitf m  Kflunum  meshi  ■nsriBl  ■heesiI 

tl  mrmmWmFM*mimilh*mn  fcilc^lB  BHuHEBI  MEEH1  ■PElfT^  ■0EHf:l 

l  ^EjEMIjEEIlljIjBlIjnB|l  mxma  EERi  huEfo*l  mmui  WFirZl 

*1  ^F%73F7BI  rETZETl  iiiii^t/^  Bikese!  Bn  ki«b  meekm  ■uEmU  ■uemeI 

'  rTTI-rTl  iiiu^ii  wx.  y*a  <'■9  Bijc  y*4  I  meseei  meem  i  ■■Eteri 

FI  Mi^TynMiiT^^lBiiiiiiiy^Kuc^iiH  mm.-sei  Beileb  meeem  ■uoreTl  ■heme  i 

■  BE3T.TB  n^TT^Tl  It  !■  lo«rM  iiit  W  *1  fcijc  wl  ■imam  toWmEi  ■■jeii^I  ■■£/£!«! 
i  ■uif  litl  j  \.jM  E!I!M1 !■*  EM  M  BEW  EPMll  BJEZIH  EET5T1 

1  ^E?fi^BiitHiniliiTiTiTi^?ilKiI:]c{{IiIi|  ■■JEEEIi^  ^flEi«lEl  ■PEIS  El  B  IE  tell 

FI  MS3BMBEroSniiIiIiIiIHlkiI:I:HUa  li^l-n  BJbEHEI  ^UEEEil  ■■lEEiSl  MElEEl 
[I  ^BEHEfi^B  BETZ^E!  BTiTiTiTiTl  BilEEM--!  B]EEM:j  MiI:I:W  hiJEEEEl  BlEtei:! 

il  M7TnMrTT77?71iiiijii>:iiki^:<<j:ii  |3B23  BEZ3  KE51 BESEI BSS3 

tl  M^SfZMIi|iHB3liIiIiIiIiIlkiI:I:a«ia  li^l-li  BfcEIM  ■HEEEH1  MEEtE!  ■PEEK  I 
S  ^BSHMiifSEHifilnnnniiaMsiMti  tMa  BfciHa  ■i^/j  ■i^iTI  ■■i-mil 
i  1111111111111  himiililil  fcimiiin  Ffcm:l  ■itMM  ■II:I:>Z1  ■i»:I:H?J 

IfcEMl  ■iM^l«l  J 

?l  1111111111111  himiiiiiii  fcimnu  BIbkem  ■n&aui  muimiTI  ■im^i'I 

I  ^K!TynMiiTS!l?i^liiiiiiiiiiiiiBiiiiiiiiiii  fcnnnu  ■OKESui 

H  fci]^:<'j<:ii  ■ikm.i* 

i  ■H:I:I«T1  ■Dt:f^iM 

:  M.  1 L I  kB  ■■M:j  i  k»  ■Hi'iinii  ■  ki^mn  BTS^l  mmzyd  ■n=i:iiB 

'  u  1  iiiiiiiiiu ki^KKimi  Bij^jtxiii  biei ^.y-i  ■1]^^  1  ■i^i^Tl  ■itaJ 

l  riT^rrn  ■iMK^n  ■■^kx.h  gfs^?l  ■i^iiri  mmmm 

i  jK5EM  >  I1!1  Jl'IiI  1  HI:M1  ■OEI:^  ■i^I:^l 

l M  iii^MjisaaaEBiiisaaaj  Ka-^a  HESl  im 

*  HMH  ■iHI:M^ 

f\  WM  FE!77?1  ■■  jijiijiii  b  mmim  tMi 

'  ^E7?flETM  Hf!T!7iTT!l  ■iiumM^  bi^ix^  1 1  ■ii:i^t:i  ■m/i?!  ■okeihi 

ii  mrnmwimaiimnwwfin  ■miiiiiu  weeeei  amj  b^hm 
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0 

0 

1 

1 

1 

1 

1 

!i 1  '  ill 1 1 1  ^7!TTITIMFn5ilTil  imurani  ■1*^1  <1  ■iiuiiH:!  jjVfcktki  ■iiaeer  hokwc-rii 

0 

0 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

0 

iilifiiift  1  hurt  moc  s  rtM  ■it.vrtil  njreisi  ■oek.i  ■ 

0 

0 

1 

1 

1 

1 

0 

1WITTTVMI  iiiiirnW  i  5  ri&i  ■iisr/i  ■ii&ki  ■■kmi 

0 

0 

1 

1 

1 

0 

1 

■ifc  .'.ii  i  ■Ui'Siil  ■'!:*«■  ■iCIl/l 

0 

0 

1 

1 

1 

0 

1 

0 

0 

1 

1 

1 

0 

tttfcfe  1  S  r/^1  ■HiTTl  ■'18181  ■'181:1:1  k'JEK81 

0 

0 

1 

1 

1 

0 

0 

0 

1 

1 

0 

1 

1 

M^SMbfoinliniimnnfannHsiia  BEBU  kuEMml  EI5S1  togfal'i«d 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

1 

0 

1 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

1 

1 

0 

0 

1 

piri%%31  Ptmiiwa  BEheue!  ■i*^i:i  ■i*-i  :-tl  KH35I  toBumi 

0 

0 

1 

1 

0 

0 

1 

0 

0 

1 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

1 

0 

1 

1 

1 

~n 

636.21 

HEHS 1 1  lmnrf:iil  ■>I^8^1  ■>I84i^  ■>I:M^1 1 

0 

0 

1 

0 

1 

1 

1 

0 

581.70 

!«!  ■'MIL'S  ■>X^81  1 

0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

0 

1 

Ki 

1 

0 

0 

1 

0 

1 

1 

0 

0 

1 

0 

1 

0 

501.94 

■'M:1 1  \  ■  1  Et  \  U*i  Mt  1 UM  ■H.l^im  ■'!:! S3  ■'*13 ' » 1 

0 

0 

1 

0 

1 

0 

■iV  ■nTMkuCSIMIHiIil-ttllilif^l  ■UCSr/l  ■UU.IOi  ■UMI'I:!  ■UKKH  ■'&I8ZI 

0 

0 

1 

0 

0 

1 

1 

0 

0 

1 

0 

0 

1 

1 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

0 

0 

mm 

1 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

SMSgj  ko6l8I:j:l  Ifl'MiMl  fcH8M'Iil  ■i*18:il  MEMM  k'JEI8El 

0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

1 

1 

1 

0 

Fnilililil  1  fiT:!: W.H  ■iJE^TTH  ■'I8J81  ■ifcH81  MBEM  kiJEEWl 

0 

0 

0 

1 

1 

1 

0 

349.18 

giKiHiyiiT'IOI'II  111:1:1.1^1 1'^i  miKW'M  WittiW  \ 

0 

0 

0 

1 

1 

SKilSKf 

1 

Elia  ^E3%MfcQEEM»lBft«IiIiHilEEBMiI'l  ■■^IxyTil  ■iJEI[:fl  ■UEH'El  ■0&MH1 

0 

0 

0 

1 

1 

■m 

1 

0 

0 

0 

1 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

1 

0 

1 

1 

■UEETZI  ■'JE^'Fl  ■lIBHtil  ■ifcW'-l  kOEH'kl 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

1 

0 

o 

1 

glOPf  B'481 Y*M I'l'I'I'M:!  li)EI<tt  i  1  KfclMl  ■11:1^1  ■'181']  1  ■'K8IE1 

0 

0 

0 

1 

0 

1 

yS'B-0  MBBBEEl  F'E8M 1 1  ■HBUBEi  ■UBH81  HK:][j  ■>1:1:181 

0 

0 

0 

1 

0 

0 

0 

122.96 

iifrmuifiTiiini'iiiBiiiiiiiirn  ■!■:■:  ■:■■  WXS7FM  tfifckfad  ■oemi  1 

0 

0 

0 

1 

0 

n 

0 

MiM  »TTrM|ll:.:r^:lBi.ilMiil».Mi:iil  ■tmJul  jfiT;-:I:fi  fcifl&fal  fcjflBBM.1 

0 

0 

0 

0 

1 

1 

1 

!*2aTrtL_'  BEfflil  HBBI  ^ntnda  H9R92I 

0 

0 

0 

0 

1 

1 

1 

i&ffij&i  h>J^I:f:L El IH'I'I'Mil ■■JEJ8IU1  ■'JEBjciH  ■'JBH81  ■UBI8H  ■>!:»«  ■'JBI8I1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

1 

0 

M  «&WMIilB^Iil(iMi!iIllimi-iJ  ES3  B*Hil  KESHiEISi 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

1 

1 

t  m-:  atm  Hsisroa  ixmiWiI  i*  wi  wren  grrgi  Mifcfm  fcitv^  y  ■in:y-.*i 

0 

0 

0 

0 

1 

mm 

0 

0 

0 

0 

0 

1 

0 

0 

m — rrTTm  rrrm  ftttti  ftt?!  bes!  EH 3  wesej  bokh  i 

0 

0 

0 

0 

0 

1 

1 

M  m\mmi<imirwmEmin  gmzi  ■.*',!!■■  gm-n  ■itwiimrri 

0 

0 

0 

0 

0 

1 

1 

3 

134.27 

I  1uiIHi^8  i  1  BifiUMl  ■'fclTEl  ■'M:!'!  j  ■'^MH 1 

0 

0 

0 

0 

0 

1 

0 

MffSilSl  l^W?XlMhii:I:Ii;:lfiyiIiIiIiIilBI[iIiIiIiIil  ■IiI>TiTil  ■>]^H:^1  ■i]^>>il  ■iism  1 

0 

0 

0 

0 

0 

1 

0 

zo 

102.59 

1  If  ifcri&'I  I'xmnnni  ■  Ei'i'Hin  KTijjjI  ■ij&k^i  1 

0 

0 

0 

0 

0 

0 

1 

l^l^i  kn:Ki8i  ■  rmi.iLuij  in:  :  i  Ikife^Zl  K>fel^i  ■>^i8il  ■i^mii  k»i:M8i 

0 

0 

0 

0 

0 

1 

WM  ^KT^^Bki]t:m8aE[iiiiiiii.nii:jc^ci  Bf>f;  <Vi!i  ■oei^.EI  ■i^i^I  ■>i:m:i 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

m  ^xz^wmmrmmwmm  TTgiiii  miwm  biiMiM  — a  biiMiM 

■  ^tjcl^BBiW^BBUiIiMilBiUHiIiB  BOKHiHl  BOKEM  BOBEtiHl  BiF-frEKl  BiJEttEl 

■M 

■M 

MM 

MM 

■M 

MiM 

MM 

■iXii.tiM  ■'Kill  B'l&il  B'lfAH  B'XH4a  B'KMl  BdKdfcl  BMil  H-yil 

l^B^B 

■ 

^B^B 

^B^B 

^B^B 

i^B^B 

^BTK 

MiM 

MM 

MM 

■BM 

MTM 

KM 

■BM 

MiM 

MM 

MTM 

■SmftMBiX&M  .  L'i-'r-" T-'i. 

mm 

MM 

KM 

■^v^i.aBit-^iiirrrrTiB.T  W:i  nwi  BiH:Hii  Bx^ii  BXii:!:i  BXHii 

I^B^B 

^MWM 

M^H 

KT1M 

^BTM 

^BTM 

MM 

MM 

MM 

■  ■■^■;:H;.«hiK:..'-janr*rrl  -J  BuMtHl  BW1  ■IKIUM  WiKMM 

n 

MM 

■M 

MM 

MiM 

■M 

■M 

MiM 

MM 

MM 

■tK^aaiKi^iaimaaiTH^i  BX  w.  i  BiVd ;  i  BiEi-m  ■xv;;!  Bimti 

^B^B 

^B^H 

^Bi^B 

^B^B 

^Bi^B 

^Bi^B 

MM 

mm 

MM 

mm 

MM 

mm 

mm 

mm 

ti  ■h'K  -■aiTT71»i»- -  1  i  >!■:;!  i  T?T1  ■.  iqh-i  ■■►.  «i 

mm 

^BM 

^BM 

■■ 

^BTM 

.MM 

.MM 

MiM 

MM 

MM 

KM 

a  MBit-':  vjarrrTi  a.t  jd:’i  umi  mumm  bx'.tJX  i.  wai  BiK&n 

I^BM 

MM 

■M 

MM 

MiM 

MM 

MiM 

MiM 

■  « H:I:M MiT*! ■*  ■iTiTvM Mil Bit Bi13?rEl  ■i*v:.-fel  Bit*!  .1 

MM 

MM 

MM 
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KiK 

kb 

kbkbbb 

kb 

IS3W*il  fc-4^!C-Y  IK5^F^BIi^5^fiIiTiTiMilB^55!51  BiTRc5B  BH^TT^B  BH^ilil  BiCTZTl  id^hih 

KiB 

kb 

KBBBBB 

kb 

^TOl  KcTTHFIB  IiI'I'IiMil  inP55i53  Bi]R5fl  BilPIT^l  BilPTT^l  ■■k:mii 

o 

kb 

kbkbbb 

kb 

Ki^B^BKKIiiliWIil  1  1  i  IIiIi  i  i  |  ||||  1  1  1  1 1 

KB 

HB 

kbkbbb 

o 

kb 

BBBBBB 

kb 

KB 

KB 

KB  KB  KB 

kb 

Ir^ll  T^1KB  KI^BBg^^BM^gjgMg  ■i^u  Bijt;i:i:»i 

kb 

IHB 

KB  KB  KB 

IHB 

kb 

HB 

KBBBBB 

BB 

H>H«  W^MI'KSllI'M'I'i'I'lW'I'IiI'Il  ■I'I'I'I'l  BKIU  I'JSIl  I'BHI  Bmi 

kb 

kb 

KBKBHB 

kb 

mm^m  KvrHi.mHi.m^iTViZ'i  irai  >,T:v.ti  »r«i  wv,r.i  iti;«i 

kb 

KB 

kbkbbb 

kb 

kb 

BHH 

kb 

KB 

KB 

KBKBBB 

KK 

Ki^B^B»K  mmimwxmmwmmwwwi  ■hii»iii«1 

BTB 

BIB 

BB 

BB 

BB 

^EB 

^EB 

iemB 

BB 

BiB 

•It'INii  Ba?3ETB  ■ueh^i  ■mm  tm  mm  [**m  Efairai  ■n^wn  ■m^Tl  mehe!  ■urai.^ 

bb 

BIB 

^■B 

^■B 

^■B 

■B 

BTB 

bb 

BB 

BTB 

BIB 

BB 

BB 

BB 

BK 

^EB 

BB 

kb 

Sjfe''3ff 

BTB 

^vib 

BIB 

^■B 

^■B 

^■B 

etb 

BTB 

10 

BB 

KB 

l^lfl!  '-BETTZB  ■  BiIiIiI  [3  ■  lit  *:tei:l  EftEEIii  BiJHifcE  ■HE!*!:!  kUEIfrU 

bb 

BIB 

BB 

BB 

■!■ 

^EB 

^EB 

n 

kb 

BB 

BiB 

^eb 

BB 

■B 

BIB 

■B 

BIB 

BIB 

BB 

BB 

^ETB 

BIB 

^EB 

BB 

— 

BB 

BB 

■fl 

BB 

^EB 

■B 

BIB 

^BP9H 

BB 

BIB  ^K7!T!BhiI;I:J:I:I:lIiIiIiI[ililBil.1.1WI  ■UW-Hlil  HMH1  ■i*//i}cl  ■■!:  •:!■]■  biKKUHl 

B 

BB 

BB 

BB 

KB 

KB 

1HKBBI  tiVMIil:T:liH:lliTili!KIH;:t!JI  T!Tg  WRiTllclMUm  BiIiM&I  WEETH1 

bb 

^ETB 

^E^fl 

^ETB 

.^E^fl 

'^E^fl 

^E^fl 

BB 

BB 

BB 

nBETITTB  BEI &1 BES PBl  ■iJErt'£l  MEMM 

i^ETB 

IBB 

^ETB 

BB 

BB 

BB 

BB 

BB 

BB 

BB 

KB 

kb 

KB 

■■ 

bb 

■n 

BB ■ 

BB 

BB 

BB 

BIB 

kb 

^EIB 

^ETB 

BIB 

^EIH 

^E^fl 

BB 

BB 

Bilhal 

KB 

BB 

SSRS33!  ^Ei«^TB  boe  >:;*i  ■  ■mm  eh  ■ijewh.i  i  Efajinn  ■n^u  ■owsTl  ih:mI  ■uEErai 

BB 

BB 

BIB 

BIB 

BB 

^El^fl 

^E^fl 

^ETB 

^El^fl 

^E^fl 

BB 

BB 

BIB 

BB 

kb 

BB 

^E7%T?Ei  ki^iumi  Finn  eh  ETh.ni.1  i  ■ivuTiHl  ■ijeeeii  ■uwisi  ■■!:  ;:{!)■  ■ijehwi 

■B 

BB 

■■ 

BIB 

BIB 

^^EI^E 

BB 

bJ  mEmifri  ■min  eh  gipj.ua  i  ■ivunn  ■imiEl  Bi»/i<b  ■oeeim  ■ikshu 

BB 

BB 

BB 

BB 

KB 

KB 

KB 

BrTTBhit:  :;:^lliIiIi  i::-i|ilT^::fJ  ■iJEfrTTl  ■UKI[:fSl  ■UErtiHl  ■UEMtfrl  ■UEEISH 

IBTB 

BTB 

^ETB 

^E^fl 

^E^fl 

^ETB  ^K?FI3Bli*I:I:fcHIiIiIiIiI:filBiI:icM:*J  ■OEIMcI  ■0EI:i[il  BiIeV^J  BOEm! 

BB 

BB 

BB 

BB 

BB 

BK 

KB 

SUSi  iif;': WiH  I1JEI1I1I1H  BiJEEIrWtl  BiltW*!  B0EME1  rfiJEfclkl  ■■JEEWJ  Eif:?:^ 

BB 

BB 

n 

n 

BB 

BB 

BB 

BB 

BB 

^E]| 

KB 

BTiiTivB  y\  ■iIiHHMH  ■ifrfrfrlfrJ  ETl:}cjc^J  MUZl  HJ 

^eib 

BIB 

^ETB 

^EB 

■B 

■fr^B 

^EB 

BB 

BB 

BB 

BB 

BTB 

^ETB 

B^E 

B^E 

BIB 

BB 

BB 

BB 

BiB 

KB 

KB 

■B 

BB 

BB 

BB 

BIB 

BB 

^EB 

BB 

BTB 

^ETB 

^El^fl 

;^E^fl 

BTB 

BB 

BB 

BB 

BTB 

EElH 

BB 

^■TB 

^ETB 

^ETB 

^EB 

■f'HB 

^E^fl 

n 

BTB 

BB 

n 

BiB 

^VHH 

BTB 

£5irS  ^TaTTB  EHEEEEi  nimnnm  ■  mmni'i  ■hhhhb  ■■^i>:i-:iii  M^Til  ■»i:i:Mii 

BB 

BB 

BB 

BB 

BB 

EEaIUBI 

BB 

BB  B3W7B  iini'iii'in  ■  Kiimiiiii  ■hhhm  ■ocmn 

^eb 

BB 

BB 

BiB 

■eb 

■K 

^BB 

^ETTTBhiiri  rKtrliiHIiIHr-JlBi^V'CrfJ  ■i*.-:<*:rJ  ■!»: ::!:!■ 

■n 

BB 

BTB 

BTB 

KB 

KK 

BB 

BTB  I^R^nFIBhiI:I:Ii}cI:lIiIiHIiI.‘iilliI::<:<::f  J  HUCIM:!  ■HCI^H  ■*WH1 

KB 

BB 

BTB 

BTB 

KB 

KK 

BB 

BB 

BB 

BB 

BiB 

BB 

kb 

kb 

i'x'fif  Li  BSTTITB  ■■3^>l  Ai-1  Iilililili]tl  M^Y*1  ■i^MM 

kb 

kb 

kb 

kb 

kb 

kb 

BB 

BB 

BB 

BB 

kb 

BOB 

kb 

kb 

kb 

^E^fl 

kb 

BEB 

BB 

BB 

BB 

BB 

BB 

KB 

I^l^S  ^KEBBBBlBEESHE^l  ei^m**  KBB  mebhiI 

kb 

Q 

kb 

kb 

.kb 

kb 

kb 

BB 

BB 

BB 

BB 

kb 

BB 

BB 

kb 

kb 

kb 

BGB 

kb 

kb 

kb 

BB 

BB 

BB 

BB 

kb 

BB 

kb 

BiB  ^Ec^^Bhi^M^HliIiIiIiIiIilKTililiHIil  ■muTiTil  ■i]^I>:>^1  ■I>:I:I:^ 

kb 

kb 

kb 

kb 

kb 

BB 

BB 

BB 

BB 

kb 

BB 

■  ■■ill  ■■III  II  III  I'llll  l/ll  ■'**«■  ■'M-wj  ■'*=!«■  B£m:i 

kb 

kb 

kb 

kb 

kb 

kb 

kb 

ir«~ni  ^■^TT^MffTST?n^B7riiIiTiTilMriTiTiTrfilMIiTiT?fiM  MKHH  hil:M:a  ■IMMU 

BB 

BB 

BB 

BB 

BB 

kb 

KB 
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Risk  Scenarios  for  40%  ML  (1  =  "Occur";  0  =  "No")  [single  Consequence  Data  |  *u  =  |  0  |  0.25  |  0.5  |  0.75 


1  Aircraft 

Structural 

HAZMAT  I  Other 

Yes 

1 

IJB1 

Yes 

1 

1 

Yes 

1 

155831  BlFiEI  BTREffl  BISE!  EEIilSl  BliftiTl  W&ETHI  BEES! 

1 

1 

1 

1 

1  1 

0 

■  KiiifcTiU  BTFR’a  SSDJS ! 

1 

1 

1 

1 

1 

1  0 

1 

1 

1 

1 

1 

1 

1  0 

0 

1 

1 

1 

1 

1 

0  1 

1 

■  ■' '9  jM  HOC  mm  ■'*  YrJrA  ■'!  Mil  ■>»::]  r  J  1  ■'*<] 

1 

1 

1 

1 

1 

0  1 

0 

■  HiIiHBB WiVtV'M ■  "  <  “•? 

1 

1 

1 

1 

1 

0  0 

1 

■  EIMMI  5,  K  ‘  “i.  .  '  "  >  W  *  e  .  ~  ,  „  i 

1 

1 

1 

1 

1 

0  0 

0 

1 

1 

1 

1 

0 

1  1 

1 

1 

1 

1 

1 

0 

1  1 

0 

1 

1 

1 

1 

0 

1  0 

1 

■  r*ti  %  i-M  sa  ■mm  g  fcuc  £511  Bfc  sm  ■■  jc  mi  ■■  jc  I B  ■  EEI 3 

1 

1 

1 

1 

0 

1  0 

0 

1 

1 

1 

1 

0 

0  1 

1 

1 

1 

1 

1 

0 

0  1 

0 

1 

1 

1 

1 

0 

0  0 

1 

MfoEm  ■m-?a  ■■useei 

1 

1 

1 

1 

0 

0  0 

0 

1 

1 

1 

0 

1 

1  1 

1 

UlimMkmw'iaBTiTlIiilMiiicwJ  ■n»*i  gCHEl  ■mi.yt:!  ■mam 

1 

1 

1 

0 

1 

1  1 

0 

1 

1 

1 

0 

1 

1  0 

1 

■!:»'!  !*!•■  ■ill.Via  ■iTuIl.l  BiltM!:!  ■iUmi  Kilktiil  ■iHKM  IfE/H  BJFSlS 

1 

1 

1 

0 

1 

1  0 

0 

1 

1 

1 

0 

1 

0  1 

1 

■  t:IiIiM^i»fcHmWiIiIWilC!iW-a  *f*M  1'IMl  »iM:|  ■'*<<;» 

1 

1 

1 

0 

1 

0  1 

0 

1 

1 

1 

0 

1 

0  0 

1 

EjD  ITS  f^i  i-M  SET 'JjJ  JETTsi  EtSTl  !ES3<1  BRSTSl  wEfelBi 

1 

1 

1 

0 

1 

0  0 

0 

1 

1 

1 

0 

0 

1  1 

1 

■  riEl-VH* J ■■IQl-l ■  fcig Kit  Kffrl  ■HHiEM  ■OKEI.IB  ■iJEHUl  ■UKfrMH 

1 

1 

1 

0 

0 

1  1 

0 

1 

1 

1 

0 

0 

1  0 

1 

M  BE  j  1  PTB  Bit  Ml  Bit  mi  BT  i-ii  1  BT !  r.M  BiM- J  BUM  1 

1 

1 

1 

0 

0 

1  0 

0 

■  J-THKT-- ■•IBXV'JBT’  V;  1  BT!  u  1  BT!--'  1  BTi'  1  ■.IV, 'll  ■IV  '-1 

1 

1 

1 

0 

0 

0  1 

1 

■«3:wi  ■iioi.nl  BiHifitl  BiUMJ  Bt-.-riii  BWW4 

1 

1 

1 

0 

0 

0  1 

0 

1 

1 

1 

0 

0 

0  0 

1 

1 

1 

1 

0 

0 

0  0 

0 

■K»ai:iMKiKK:am[iiinaMiici=m  giiaa  urea  Miiiai  ■■EU'ii  mEnna 

1 

1 

0 

1 

1 

1  1 

1 

■r*K'K-«  ■'WiM  ■'IMS*  ■'*!«•■  ■Mri-i  ■*«*«  ■«h*i 

1 

1 

0 

1 

1 

1  1 

0 

■flERil  BT57Z1  H7771  KXEffil  KP5TE1 

1 

1 

0 

1 

1 

1  0 

1 

■  rj:"  UBitiVti  Wililiil ■■!!:! JlTll  BEETlTll  BWEM  ■i!AT:ia  BiIH&l  Bit'*  til 

1 

1 

0 

1 

1 

1  0 

0 

BUUEHBBi&HMiftlilHBftMiTil  BiKrlilil  BOWEM  ■iJHiHi  BftUtl  Kim!! 

1 

1 

0 

1 

1 

0  1 

1 

mmisiiBmMi  h'.'.jrfi  ESI  irem  UrTH  ES3 

1 

1 

0 

1 

1 

0  1 

0 

■  ■■I*!#!  ■0L*£Iil 

1 

1 

0 

1 

1 

0  0 

1 

BIS1  EFZm  133I&]  EETZHEESSIl 

1 

1 

0 

1 

1 

0  0 

0 

1 

1 

0 

1 

0 

1  1 

1 

■  ■HcEHIl  ■WHIM  MEMiM  ■HEMiH  ■iWHHil  |fT3!3  jKHJJ 

1 

1 

0 

1 

0 

1  1 

0 

1 

1 

0 

1 

0 

1  0 

1 

■  r*ll':»l'ilBi»=!i':l>rrrTM»iT:':Vll  ■iT:-:Vll  KiKW:!  ■il^ktl  giT^'il 

1 

1 

0 

1 

0 

1  0 

0 

1 

1 

0 

1 

0 

0  1 

1 

■  ■iEWiH  BiWUM  BS1  ■!![[«■  ■lEIimi 

1 

1 

0 

1 

0 

0  1 

0 

1 

1 

0 

1 

0 

0  0 

1 

M  lirl'J  iM  Iilil  i  a  W!W  1  1  WiVl  !:’l  ICT  H  W:!:l  li  H  !  a 

1 

1 

0 

1 

0 

0  0 

0 

■  Kilil  TiTTM  ■iT:':Vi  ■  KiK  i:fcl  BHB  Kil  !:TiU  »i  W 

1 

1 

0 

0 

1 

1  1 

1 

■  tf  ■iH.ti'Tl  lUlittl 

1 

1 

0 

0 

1 

1  1 

0 

1 

1 

0 

0 

1 

1  0 

1 

1 

1 

0 

0 

1 

1  0 

0 

1 

1 

0 

0 

1 

0  1 

1 

1 

1 

0 

0 

1 

0  1 

0 

1 

1 

0 

0 

1 

0  0 

1 

1 

1 

0 

0 

1 

0  0 

0 

1 

1 

0 

0 

0 

1  1 

1 

K^SUEI51ESE1E3I1  *^:V-'i':r  BMiM  a'l'M!! 

1 

1 

0 

0 

0 

1  1 

0 

wwmawjiimwjmmmmiia  mi  w~um  mwim 

1 

1 

0 

0 

0 

1  0 

1 

m  ■  fciEi  >■■■■  Tun  ■rntmi  ■  ■  lm  ;:m  am  ma  ■«  »:i  ■  jiei  m 

1 

1 

0 

0 

0 

1  0 

0 

1 

1 

0 

0 

0 

0  1 

1 

»u  if  ■■■■>:::  ■■■''  ■.  ■■''  -/iB't.i .  n.n:;  i 

1 

1 

0 

0 

0 

0  1 

0 

■  :■■*!»■  ■■10]  :■■■  B'EHiM  BiEKiH  ■!)«::«>  J  ■'!  [4- ?1  ■«! 

1 

1 

0 

0 

0 

0  0 

1 

»U  1  IflB'V::  ',!■■'■  :  .<!■  BOZICI BHiM.-a ■<»:»■ 

1 

1 

0 

0 

0 

0  0 

0 

■^iirMBiWHlTOiTiTMil^Vll  »iT:l*ll  BiWHl  giTT^l  ■itHM  ■iU!:ll 

115 


116 


0 

1 

1 

1 

1 

1 

i 

1 

0 

1 

1 

1 

1 

i 

0 

Fi^ii  ■im^I  EBjEl  1 

0 

1 

1 

1 

1 

1 

0 

1 

683.53 

i'^^:irnrrCTlfciiii;^l  Uuu&im  gflFEEl  ■'  1KM  1 

0 

1 

1 

1 

1 

0 

0 

MlMiV  hiftrtWil  HiTOI  BiT:'i':’l  THTl  BiVi'i"!  BBTg  III:-:',.*  1  H:W:H 

0 

1 

1 

1 

1 

0 

1 

1 

0 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

0 

1 

0 

1 

1 

1 

HTH 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

592.74 

■i*H:1i  >«1  tm:il  [Il<l  BTl4-y^  si  FT-l-yrJ  ■iX:M:IH  I 

0 

1 

1 

1 

0 

1 

1 

0 

■tiM'Wl  ■H&KKl 

0 

1 

1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

0 

1 

0 

0 

0 

1 

1 

0 

1 

1 

0 

1 

1 

1 

0 

nrm 

1 

0 

0 

1 

1 

0 

0 

1 

490.53 

■i*i:iE*iflTlTK!gBii:itril  umiiM  hmn^i  FTT^l  ■n^ind 

0 

1 

1 

1 

0 

^F^B 

0 

0 

■H3LM  FuttiMifl  ■U*iM  ■■KHcKl 

0 

1 

1 

0 

1 

1 

1 

1 

■ililil  IiIriBiM  EO?:!  Bm  fci  ■  ■OKWill 

0 

1 

1 

0 

1 

1 

1 

0 

IVtHB  ■HftftEl  ■ifrricfl  ■HBMibI  MEWll 

0 

1 

1 

0 

1 

1 

0 

1 

633.33 

HX:M^tl|iHIiicMilFl-1i[^B  FHliiM  ■Utelfl  | 

0 

1 

1 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

1 

1 

0 

1 

1 

0 

1 

w 

1 

0 

539.97 

liFHililillililiHiiaBKilSIiJl  MHST1  BUinil  TOTJ^l  BiUTilil  1 

0 

1 

1 

0 

1 

0 

1 

562.80 

■iX:^]atiHIimilFlii[^a  ■i>ji^l  BUfttl  MEW#!  I 

0 

1 

1 

0 

1 

Wi 

0 

0 

MHiiM  FOKiIIiI  FTFET?!  ■■JEHM  1 

0 

1 

0 

0 

1 

1 

1 

542.54 

j  ■  iiiiji  !■:<!  ■■x^'^71  WSEZl  FS53 1 

0 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

0 

1 

BiErt  jij:l  ■iHHfri  YM  Bili  l  tel  Fli  YM  ■i»*il*l  ■OttfrTl  ■HftSl.l  ■ifcfriia 

0 

1 

1 

0 

0 

1 

0 

0 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

1 

0 

0 

0 

1 

0 

0 

1 

1 

0 

0 

WBTTSm 

0 

1 

?  FflflESM  BOKEgrai  hhhh  1 1  Eni  i  ■usira  ifcMWii  ■ur£E>-a  ■h:h« 

0 

1 

1 

0 

0 

nn 

0 

0 

■  ■WHH  YM  BUM  L  tel  ■US  EM  ■UMirtl  ■HESMi!  ■Ufcl&TJ 

0 

1 

0 

1 

1 

1 

1 

1 

MBHUl  MilKIEiil  ■UE^tTH  ■i*!*?-!  ■OSEHEa 

0 

1 

0 

1 

1 

1 

1 

0 

tattKKl  BUtlMd  BiXM:!*  FiViOJ  MifciMi 

0 

1 

0 

1 

1 

1 

0 

1 

486.05 

HKiMiHlIiIHiHIiMBifcMg:!:!  KES1  KES1 1 

0 

1 

0 

1 

1 

1 

0 

0 

FEHE1  ■■Kiwi  BEni  1 

0 

1 

0 

1 

1 

HEiJHIH 

1 

1 

447.20 

1 1  liimir^l  <1  S<<1  FT:I<IS<1  ■i]^^:^l  ■OEMEk  1 

0 

1 

0 

1 

1 

■m 

1 

0 

K^^H*iI:T:Ut;rflIiIiIiIili{:]Bi]CK{(icl  ■HCKK1  ■*!  Wi  TO:tf:I:l  BlCmi 

0 

1 

0 

1 

1 

0 

0 

1 

0 

1 

0 

1 

1 

0 

0 

0 

0 

1 

0 

1 

0 

1 

1 

1 

Ffcl»<tt  1  ■UEIEI1  ■■MriTl  ■OEtttll  MEEtf! 

0 

1 

0 

1 

0 

1 

1 

0 

340.75 

■■1CI:^:1IiIiIiIiM4 «i4:<U El  ■!*■<«■  ■HCI^l  HUCmi  ■OC^S:]  1 

0 

1 

0 

1 

0 

1 

0 

1 

363.58 

H4:I:;-i.SllHiIiH:iIilBT[i:i:iIi:il  WTiHHHl  ■Il&l:^i  ■UEEKSa  1 

0 

1 

0 

1 

0 

1 

0 

0 

^Ii>Ti7MBi^I:::M«JIiIiIiIiIiIilBliIiIiIiIil  FEjTjljl  BEEH  1 

0 

1 

0 

1 

0 

1 

1 

324.73 

HX:I:ttMliIiIiIiMaBifclMEI  ■H:I:I:I»1 1 

0 

1 

0 

1 

0 

■ra 

1 

0 

BTTi^H  11*1*1:1:1  im:ilil<14  BifcJctt  E I  ■IKKKI  ■O^wnk  FT?37I  ■i]fcW*I  1 

0 

1 

0 

1 

0 

0 

1 

293.05 

BE53BEEEE3KjEjEEl  KEEEE1 KES1 FEI3  MQEHEk  ■i^Hk  1 

0 

1 

0 

1 

0 

0 

0 

B&CSHKOKMirflliXiIiIiIiIilHKiIiIiIiIil  ■  I'l'I'I'l  DM^l  ■O&M-'l  ■  FokkiPkl  1 

0 

1 

0 

0 

1 

i 

1 

1 

467.53 

Fl^HScl  ■UElEEl  ■■1:^:3  1 

0 

1 

0 

0 

1 

i 

1 

0 

^KIE3[iEMli]EI:IKilIiX»IiIiraiBi]EHEEl  l^KH  ■■El&k  Ffcwl  ■■fcjlH  1 

0 

1 

0 

0 

1 

i 

0 

1 

435.85 

H*l:K:l:lBiIiIiIiIiiclBH:m*l  TOM^l  fcilsma  ■■tfcHk  1 

0 

0 

0 

1 

i 

0 

0 

H  hiKi&i#!  FTiTiTiTi^l  meh*i  Fueehb  FflEflTl  ■■  jemm  imi 

0 

1 

0 

0 

1 

BH 

1 

1 

^FrF7uMBi4:I:i.1<iilBiIi:iir^lBi4::<^<l  FfcjtiEi  BBB1  atwl  ■iftl&IH 

0 

1 

0 

0 

1 

m 

1 

0 

FfcKSl  MEIM=a  ■11:1^1  ■■EttSl 

0 

1 

0 

0 

1 

Bn 

0 

1 

365.32 

BH3  BHEHTl  BE5I 

0 

1 

0 

0 

1 

0 

0 

310.81 

1  BiXil'i^E  fcl  liI«IiHIijtl  ■OEEMfl  1 

0 

1 

0 

0 

0 

i 

1 

1 

^EHP^MkiXii^^JnnnnnaBifeumi  IfcBgi  MOEi&M  fcjuki&dl  FTSH1 EH33  1 

0 

1 

0 

0 

0 

i 

1 

0 

290.55 

IBElSIBEE^tBSIl  KE53  K8E1 KSS3 1 

0 

1 

0 

0 

0 

i 

0 

1 

1  < l< r : ■  gTiTiTilgl ■  tol'I'I'B  EE51  mitelYM  ■■!::•:]<■  FTTTT1 

0 

1 

0 

0 

0 

i 

0 

0 

si  1111111111111  ■ti!i:m:n  ■mimm  ■mm:!  ■oeeihi 

0 

1 

0 

0 

0 

1 

1 

^^ZlESMBiJKI:SI:SaBiIiIiIil.l:lBi]EKKEI  ■iEI<m  ■HBl.Hlii  FES3  MEM»1  ■PEIftH 

0 

1 

0 

0 

0 

0 

1 

0 

220.02 

H.rv  inrrrni.Tv,;;iKTT7^gT-7iiTTrii.»r,'-lB.»':TI 

0 

1 

0 

0 

0 

0 

0 

1 

BWfcMf  ■liHHIIiMiMlltiH|H|l  FM'lfil  BEB1  Fl&m  BEU 1 

0 

1 

0 

0 

0 

BlH 

0 

0 

^K^MliXiliiHiMliIiIiIiIiIilBmiilililiB  Kkiimna  ■USSMH  | 

Risk  Scenarios  for  40X  ML  (1  =  "Occur";  0  ="No")  Single  Consequence  Data 


a  wj^:Miii:Hi!aHiii!!iaiiiif  Hiq  mill  lilMU  lima  K&n  ESI 

».  ■naia  huwniB  ffl FET51  n 

1  ■  U-ltflif;T:^[iH!gpTinglgii.ggIg:l  fciMHi  BT5571  Mtxmi  WltXLl4  gflEi%Il 
^  m  u  i  j»j|i;iroii^iigt[ai  fcnaiKd  kiriiifci  MTOil  hteii  toH 

^  M  l.l  1 1 ■  m ffTTfrrTTgl ■in.-iiwa  MEEMI  ffTEEH  ■■  BiI&lAl 

fiTE!?7S1  inoi  [i<i  Kiifrjra  ■ijk^ki  memSE!  MEiafcl 

a  ^Ul*M  hijmifrl  gTTiTTl  ■if&I&l 

'  ^ry77?MriT?^lliIiIiISiHBiM^Ii::l  lilMMB  ■H:«Til  ■UEEMU 

~  hiJKiM  BifrflIEl  ■iJT£tt:l  ■Hftli'El 

til  Mc^tMKiI;I:MMiiFggilMiiai[a  ■i]HI«  hHWH*l  MUM-rei  ■OEH-IB 

I  FiT!T!T£Tl  iiiiiii  [*i  ei  BBehibi  ■msa.-i  ■nas'^  ■■Jfci:i*i 

3  fcniin  MTjwihb  ■ohhei  ■uebiTI  ■obi#]! 

3  riTTisTTl  iiiiiii  ?i  :<i  u\iA-n  si  fcn.i*fri  Kemm  ■nwnn  ■ubeh'CT  ■ubbbbi 

:  fiTET?L?l  Iilijjtl  >J  Bili  [  >*■!  fcuscn  KfaiBfrJ  ■iJBiifrfrJ  ■■IBBlTl  ■UEBHH 

1  hoHCM  hucuifri  hiMi:Tl 

fl  fciJBHBl  FfclUJ  MilBI^iB  ■iJBkTI  ■OBEM:! 

j  ^^^CTI^MFgT^mffTiTiTiTilclgT^T^l  ■i*bi*i  huBBiBi  ffET-STI  ■qebkiJ  imh 
3  ^KiSE^MBnEHininnnnni:igi]&Mfnn  Imcm  KObibii  »i:mi  ■na&l  ■■ibbiiii 
1  I1TO511  ffTiTiTiTTglgT^T^l  ■i*bi*i  hmn  gT%Tg  ■hbbbsJ  mum  im 

■1  FiTET^Tl  iiiijj^^  kieem  1 1  Iibiki  Hii:Ma  MHia  ■ubh:'?!  mbbb>i 

1  MKTJT^lMgrf^^^gTiTiTiTiTilgTiTiTiTiTri  utorm  tomi  giT5T%l  ■oremi  ■irarai 
ji  ^K^SMBE^roilUHIiHliaM&imgl  IiBKI  »M»I  ■HEH'Tl  ■0BBIB1 

1  1111111111111  ■HHHHHl  humum  ■UBBHB  ■USEliEl  ■UBBBil 

|  fciKHBl  MfclEEl  ■UBiaiiB  ■i*tt«!£l  ■UBBial 

3  fciJEHBl  KOBISfll  ■iJEEIfl 

1 MSEM  LLL^J  i'io:o*i  liftEEfcl  jpi  mbbibI  ■■ebbbi  C%%1 
1  fcuBKBi  ■OEiSKi  mehSEI  ■obbibm 

1 EHU  I* 1*^  n  ESS3  F'EKSM  ■■**:*!  C%!31 

rl  IMjTyTM  flTT^Tl  IiIiIiIi^^  i  1  ■i]4:jtKl  KifeliW  ■OKKIfrl 

;  TiTHyM  nn?^l  Kixinnnm  ■muniini  humi  ■i^i:Til 

'  ■H:Ig:iB  ■it:I:^H  MHim:! 

3  ^EEMI  I'l'I'I1!1!1!  *  tmnnm  fctHiIUiM  Wl  ■»i:I:I:,^l  ■O^mil 

I  ^MgPTi^MKIPT»I«TCTgnPT»TiI»TilgT»T»TiTiT»l  BMiMil  — il  BliMiM  BfiMiM  — il 
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n 

■H 

^■E 

^■E 

^■B 

^■B 

^FH 

EIE 

fcHSSIHM 

eb 

HE 

HE 

EE 

EE 

EE 

HE 

EE 

Brim  ict  rrr’i  bttzti  ira  btttti  im  bttti  bihti 

n 

^■H 

■■ 

^■E 

■■ 

EE 

EE 

■n-IiS'l  ■*»*!  ■W'l'il  ki*[«l 

EE 

EE 

■  fluittraF  mM.y+sm  ■  ioi  i  ■  mum  i «  Km  i  m  ■■  jc  euki  muc  eSA  ■n  1 1 tl  ■<  jc 

n 

^■H 

^■E 

■B 

EE 

EE 

^FH 

EIE 

■SESMI 

EE 

EE 

I 

Brim 

^FTH 

^FTH 

HE 

EE 

EE 

■  ac  ;»jc  i  m  bn  >-<*■  EffiTTTl  ■n-i  [  i  i  ■n-i  [  i  ■  Inc  bh  ■  ETfliTl  bh  ’.  hh  hi  mi 

I^BB 

^■E 

^■E 

■B 

ETE 

^■B 

^FH 

EIE 

HE 

HE 

EE 

^■E 

^VTB 

^FTH 

^FTH 

HE 

EE 

EE 

■  mu.  y&m  ■min  [  ■  EB 1 1 1  lm  1 1  ■  mu  emu  mu  »  m  mu  mbI  ■■  jc  y&m 

I^BIH 

^■TB 

EFE 

^FTH 

EE 

BE 

BIB 

EE 

ETE 

BTB 

EE 

EE 

EE 

■  ■il.Tj:f J  ■■££  HM  ■iJWHBl  ■iK[:f:I:fl  BUmi 

EE 

EB 

EB 

EB 

EB 

BiHIM  Eitt'iU  Eit»:!l  EitHiM  IMI 

^VTB 

WK^M 

HflH 

^FTH 

EE 

EE 

EE 

■i-tK^nkuKM ETinm:i ■'»■« i-l  ■h-ti ;.i  Bn.im ■  BITTiTl  ■« mu  mu hh ■ 

I^BB 

^■E 

^■E 

ETE 

^■E 

BE 

EIE 

EE 

EE 

E  LHt  g  MM  Bit  mi  BiTiTi!  f  Mil.ii'r'  SSSFE3 ISEE3I  S:KS1  ES32S 1 

I^BB 

HE 

■■ 

BiE 

^■E 

IBTHI 

^FH 

■E 

■t{[i!4il  ■  ’  "  ■  lilt! 

EE 

he 

EE 

EE 

■  [if.  HWH  l  M  BH  ?i-l  ■  BEini  3  ■0U»I:H1  ■iJMi]  M  mi.  ^1  BH  ?i-Z  ■ 

I^BH 

^■E 

^■E 

EIE 

^■E 

HiH 

EIE 

ETE 

■  BH-WH  ■H.HW.l  ■■KtcHlil 

EE 

EE 

M^TMiTOiTilBTiTmgTTnigrTniBTT^l  Bit  ^ ’Hit  i^i^llT^n 

I^BB 

HE 

^■E 

ETE 

ETE 

^■E 

l^FH 

EE 

U  f  -IJ  ■BFT1IT71iT71iT7niTr:li.t^lB.t!.,1iril 

HE 

HE 

HE 

EE 

■K1<1  KijtM^  rtlMl  k'M^J  ■'A-Ii'iJ  IMM1 BT5EI  Era  ■'.tJijM 

EE 

EE 

EE 

EE 

EE 

EE 

EE 

■  k*liril^  ■  ■'!  TiTiT^l  ■iI.TiitJ  ■H-TiitJ  Kilr!  !i':l  METim  K'T  ?:':H  in  » ?*m 

■'T-iriB  B't^U  BitWil 

n 

^■E 

^■E 

ETE 

EIE 

■■ 

^FIH 

■■ 

HH 

HH 

EE 

EE 

EE 

EE 

■  li'ifl  Bit  ■iIiTiV:!  Bil.Ti'ifJ  ■il.n':rJ  ■il.!rirJMil.'i!!:liBiI  !:!:H  Bit  StWfl 

ieb 

HE 

HH 

EE 

EE 

EE 

EE 

BiiUJ.-tMBitHMBiliTilgilBiliV^l  BiWAl  BilHIU  BiTTiFl  Bit  Mil  BitiflM 

Q 

EE 

HE 

BTB 

EE 

EE 

EE 

eb 

B3iniRSliIB3BiIiIiTnB551^  855551  BRi^  BitSStl  BlfSIiH  BI5511 

m 

■ffE 

HiH 

■■ 

HE 

■■ 

I^BE 

EE 

■  ■iI:K<Iil  ■'1^1 

HE 

EE 

HE 

EE 

EE 

EE 

HE 

EE 

■  ■■MMI  ■iIMjl 

■■ 

■H 

EE 

^■E 

^■E 

■E 

EE 

EIE 

HE 

iBvm 

Bitk^l  B'l'jj3  B'I;«5ijl  B'J&Hil  Eit^Ml  B'l'iiKI  B'tSi.v>l 

I^BB 

^■E 

ETE 

^■E 

^■B 

EE 

^■E 

EIE 

■  :.fii.f:^*»iT!=!H»Tiji,.'l»iT:'«IiM  ■i!:«'k'i1  Vi^VkI  BiTMTJ  Bil.mi  ■iT!i!!’J 

HE 

HE 

■Jta  !•■  EH3  ■'K'.'.-i  h'Kivi  ES3  mistm  iTiTTl  EH3 

n 

HTH 

EE 

■E 

■E 

EE 

EE 

■  ■.•f'i  5«^I  ■  ■>!  5ci*I  ■  ■ililili^l  ■tiWIiM  ■■1^14  ■■Kic^l 

HE 

HE 

■  J ■««[!■  ■mil] ■DTicI^l  HIKU 

^■TE 

■■H 

^VTB 

H^F 

^FTH 

iii  ■>  *  “  ■>  *  t  ’  r,  t 1  i  1 

HE 

HE 

HE 

EE 

■  ^i-1  ■  ■iIiIijI^B HKfll  ■iH.HI:!  ■iJCEi*1B 

n 

HTH 

EE 

■E 

EE 

■E 

EE 

EE 

HE 

EE 

■VIE 

^VTE 

^VTB 

^FTH 

HE 

HE 

HE 

EE 

■mrrni  JiinMiimuMl'Mrt  Ki:^j  muri-nm  ■nfrw:i 

bdk 

HE 

EE 

HE 

EE 

EE 

EE 

EE 

■  llHSUlfciliHUMBiKM  gifrfcMJ  ■H-Mil 

EE 

EE 

EE 

eb 

■b»;!:ia«k«mwBiTi!i!aMii:i<iiiil  ■nmmi  Bi>imta  BIT^n  ■imum  ■n»ii.« 

■■b 

^■E 

^VIH 

E!E 

^■B 

^■B 

^■H 

EIE 

HE 

EE 

EE 

B  .H  ':tVB  Bit  !<V>1  BTmTTI  Bit;'i'.- .1  Bit:V,.-J  BiV^M  BiF^l  Bitt!;!l  Bitmj 

be 

B 

bh 

bh 

n 

BH 

HH 

HH 

HH 

bh 

bh 

HDH 

ehi 

hh 

HIH 

hh 

I^FI^H 

be 

bh 

o 

HH 

HH 

HH 

HH 

HH 

bh 

■  BMHcjn.«fcimimn  Bitmui-J  BITT^l  ■h;->i.ki  ■n.-..*i*i  ■Hji-.il 

1MM 

■H 

hh 

hh 

hh 

EE 

hh 

bh 

B'J'i;:!!.’.B  B.t  !■  W  B.t.,i!.,il  B.ti'iUl  B.^l-ii  WMM  U<tmi  B.t-iHH  EOttHI 

n 

HH 

HH 

hh 

HH 

HH 

HH 

BH 

■  Bit  ^i-T J  ■ilij]  g»I:^.l  ■orjcl^a  ■il.Kl.l.i 

BOH 

■H 

^EH 

HIH 

hh 

hh 

hh 

bh 

n 

HH 

HH 

HH 

HH 

HH 

a 

■  HlWililHiMUBaiaMiIiIiliM  ■!!:}:»<  ■iM»*l  ■HSCsl 

bh 

■H 

hh 

hh 

hh 

bch 

hh 

bh 

■t<i.mBBit»:?:iBitiTMiBit:^j  wmu  w<\im  Bi rmi  mum  wmm 

n 

he 

HH 

hh 

HH 

hh 

be 

BB 

■  .-H  Ttt  .-fl 

i^i^i 

he 

he 

hh 

hh 

be 

'EB 

bh 

MV  T  '.BBitn.TlB.I.I.TMB.Taa  BTV.il  ■,»;■  ’1  B.TSK1  BM  BT!KI 

n 

hh 

BH 

bib 

be 

IKE 

be 

BB 

HinFEBT55^BTiTiTi!ilBTi57il  liTITTl  ■HRiJcTl  Kl^il  HT5FF1 

hh 

he 

HH 

HH 

HE 

be 

HH 

HH 

BldtimBBit»MBitiIiIiaBit:!=m  BJ:!=m  BiTTi^l  BJ^ti  Bil-iiil  Bitm 

I  m  ml  i  mi  d  mix  rei  rm  f!TT!T5£1  ■uw  i  ■■him  biaa  ETFTiEl  meeksJ  wmlywm 

i  Egg  >m=!i  fc^ai  Ena 

I  ■  e*  Wfl  J  I*1-*:*!  kiJW  l  El  fcfcttU  KfcEEHl  KHl&l  K!ta3  K&gfll 

I  ■  U*l \+'M MU. M fol rTuT^Tl ■■l.j i EJ  d.y  [ «  ■■]£ {:i [:■  gTYirl  ■■! M [^  E » M 

I  ^MUI EEB1  amai  ES5I 

l  BESEEM  ES53EiIiSiSlEISII3  fc^tm  BEHil  BEEi  BB3  BE51 

I  M^TKJinMBH^tKjlliTijl^fjkiHLi'.M  lhij.1?Si  IkiJCEESl  iI»iH  ■UCE»£|  ■<! Scjcjcl 

I  fc^^ii ^aaiEiliSSliaaaa  E53  tamlM  toana  CBH  tel 

I  ■  MESHEB^  HI  SM»i  rTuT^Tl  ■•l.j  L  5  n  ■H-l I  i  ■  ■■!  fcl  1-1  ffTYTTl  BH  M*  j  MU  El* J 
I  M  ■■*^*41  I  ■*  S'&!  1  ITjk?TI  IAtM!  BAirtl  gTTTrl  BJUiI&l  gj^l  BTSTS1 

I  ■L«Ha»I^Mli]lH:I:lJKiIiIiK:llKi^^il  fcifrflfrJ  W\JAY*M  MOWiM:!  ■OCttffl  ■iJEEifll 
I  ■L*Mir^BlHM»I:l3liXiI»I^l^i^l^  Hifalkk  BlICBiH  MU  fill  ■■JCl-fll  ■iJCEPEI 

I  ■MHHMD  JliJCEMillHIHiBBElkilErtlEl  ■ifcEBBl  ■i]U1iBS1  ■UCBtCT  ■HCKHiI 


1  ■^[:Ii^Ii]Cit^JliIiIiI^lkil«1i^  fcOMIM  MCEKE!  ■UCKcin  MEEltl  MEElftl 

I  ■  aw*]  M  mx  m  »  ■  BTOTSI  mvti  mem  ;.i  hn.nsi.i  ffTTiTTl  moc  i*i  imwii* 

I  ■  flEUME  J  IOC  El  Efrl 1'I'I'I  EH  kno L  i  [  ■  fcu.-j  1 1  ■  ■■  JC  M E 1  ■'*  fl  1:1  MU  !-t!1  MU  EMU 

I  ■:.^I:^Bi]t^;i^iITM7!TlBil.T^71  ■il.t/rtJ  hn.HU  gTTTTl  ■HEBEI 

H3S ^'m Kl* EMftl  *'10- EH hfl.1 mi  fcil-l  1 1 ■  Wk BI  £1  ■■  JC >*•!:■  ■' JC EBB1  ■'! 

I  ■  ,.n ,.£  vJ lit EBi-El ■ilu*-:! I ^11*1*01  hiJWfrJ  MUIEE!  ■H.HM:j  M\J. >*71  ■iJCEt:l.l 
I  ■  m  riMiiM  in  i  di.^1  ■■iiiieei  ■  knw^n  fcuwfrj  wflAYxm  ■uuhm:i  ■uc^TH  ■ninBi 
I  ■^«:Wlit^1:?JgiIiIi]^ilkiI:^ri  fciJBEBUl  ■i>^J  ■it^l 

1  M:-y4iJ»:WlH^I:s:-:1liIiIiIi;:IlkiI:;:y:^l  fcil^l^l  ■UW:Hi:l  ■H^lH  ■HK»H 

1  ■  l«H til  jcj:Wil BTiTiTCTl ■H:HMH  hi>«iH  gT^l 

I  ■UW:iM  ■H^«l  ■HitHl 

i  M M H 1:^ III Kfc£l«~l BTiTiTTTil BiWHl 

I  ■r.tH:I-:I:l'i^BH^i^JliIi:iIi:-:?jkiI::-:f/^l  ■»I^I1  ■DCESf 

I  ■  in  i  yg.yi  rTuT?Tl  w*-*a  ^  mm&m  WtirR Til  ww-i-i  ffTTFSl 

i  mam  esaa  wm^i  im 

I  ■  lit i ^<1  ^1  1iIijIi>?J 1  ■■  MW  ■H^H^  ■i^VIl 

A  JLI:f<nrMKiIia.llliIiHHI:?-ikiI:i:^l  ■i3UW:Til  ■UEIflJ 

I M M  f-f* (-W Bit 1 ■miij kill hiJWZYM  fciI:»MH  ■»I8^-1  ■H*!?!  ■OtW^l 

I  ■  ^  in  EfT!T!!?l  gT??71  tom- j 

I  EBU  ML^ll  EE EB 


I  ■^H^lJKHtiMlKiIiIiIWilkil^W:/!  fcil^jHH  ■HT^.l  ■H8K1  ■»K»M  I 

i  mMivm  wi^  wm^  beh  bb  gma  ama  I 

I  ■MiEHE:  JlHI idiiJliIiIiIiMlkil^I^cl  MO^l  ■■^1^  ■HIMB  I 

I  ■  lit  l  jtj^l  lilili]  l  E:a  kiJEM  [:1  fcl^-l  ■il^ll  MiMiH  ■HIWJ  | 

I  M'^i!!!PrJl!lIKJI!E!I!I3l!l^^  Bfl&m  WSHS1  KiMidJ  EI5i  | 

I  ■ :  xiwM  m  1 1  »:i<i  HT!T!T?1  mi^uTl  ■■!  xna  1T?ia  ■n.i.iari  mu.ui*  I 

I  ^  ^  J  gig  g  gi^»m  l  i:a  grf^T^l  E53  E2H1 KBE3  EIIS1 1 

I  ■UKtffcl  WMLIWM I 
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0 

1 

1 

1 

1 

1 

1 

rayi'-TCi  whim  ym  Biii  [  s  [:a  KUiTTSl  KflFEEII  ET3333  ■ijemsii  1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

55 

«aa 

:1  rTuTm ■Il:ti:r71  hi»iilM  TTrTTTI  ■iI:'iVil  ■il:trt« 

0 

1 

1 

1 

1 

0 

1 

iM.lW IiT:Vi':Vfl liliWtH Uill'l  Egg  MM*!  1iW:V<I  E3B1 EEZU 

0 

1 

1 

1 

1 

0 

1 

0 
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Appendix  E:  Cost/Benefit  Data 


Manpower 

Available 

Manpower 

Level 

Contractor  Cost 
ICC)  ($) 

WTC  =  0 

ERM 

WTC  =  0.25 

ERM 

WTC  =  0.50 

ERM 

WTC  =  0.75 

ERM 

WTC  =  1 

ERM 

10% 

10% 

0  00 

0.69489 

0  67615 

0.65741 

0.63866 

0.61992 

20% 

1.424.03 

0.73243 

0  71876 

0  70509 

0.69143 

0  67776 

30% 

2.848.05 

0.78262 

0  76598 

0.74934 

0.73269 

0.71605 

40% 

4,272.08 

0.80775 

0  78958 

0.77141 

0.75324 

0.73507 

50% 

5.696  11 

0  83581 

0.82003 

0.80425 

0.78847 

0.77269 

60% 

7.120  13 

0.84163 

0  83371 

0.82579 

0.81788 

0.80996 

70% 

8.544.16 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

80% 

9,968.19 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

90% 

11.392  21 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

100% 

12.816.24 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

20% 

20% 

0.00 

0.73243 

0.71876 

0  70509 

0  69143 

0.67776 

30% 

1,424.03 

0.78262 

0  76598 

0  74934 

0.73269 

0.71605 

40% 

2.848.05 

0.80775 

0  78958 

0  77141 

0.75324 

0.73507 

50% 

4,272.08 

0.83581 

0.82003 

0  80425 

0.78847 

0.77269 

60% 

5,696.11 

0.84163 

0.83371 

0.82579 

0.81788 

0.80996 

70% 

7.120  13 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

80% 

8,544.16 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

90% 

9,968  19 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

100% 

11.392.21 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

30% 

30% 

0.00 

0.78262 

0  76598 

0.74934 

0.73269 

0.71605 

40% 

1.424.03 

0.80775 

0  78958 

0  77141 

0.75324 

0.73507 

50% 

2,848.05 

0.83581 

0.82003 

0.80425 

0.78847 

0.77269 

60% 

4,272.08 

0.84163 

0.83371 

0.82579 

0.81788 

0.80996 

70% 

5,696.11 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

80% 

7,120.13 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

90% 

8,544.16 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

100% 

9.968  19 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

40% 

40% 

0.00 

0.80775 

0  78958 

0  77141 

0.75324 

0.73507 

50% 

1,424.03 

0.83581 

0.82003 

0.80425 

0.78847 

0.77269 

60% 

2.848.05 

0.84163 

0.83371 

0.82579 

0.81788 

0.80996 

70% 

4,272.08 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

80% 

5.696  11 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

90% 

7,120.13 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

100% 

8,544.16 

0.84745 

0  83807 

0.82870 

0.81933 

0.80996 

50% 

50% 

0.00 

0.83581 

0.82003 

0.80425 

0.78847 

0.77269 

60% 

1,424.03 

0.84163 

0.83371 

0.82579 

0.81788 

0.80996 

70% 

2.848.05 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

80% 

4,272.08 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

90% 

5,696.11 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

100% 

7,120.13 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

60% 

60% 

0  00 

0.84163 

0.83371 

0.82579 

0.81788 

0.80996 

70% 

1.424.03 

0  84745 

0.83807 

0.82870 

0.81933 

0.80996 

80% 

2.848.05 

0  84745 

0.83807 

0.82870 

0.81933 

0.80996 

90% 

4,272.08 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

100% 

5,696.11 

0  84745 

0.83807 

0.82870 

0.81933 

0.80996 

70% 

70% 

0  00 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

80% 

1.424.03 

0  84745 

0.83807 

0.82870 

0.81933 

0.80996 

90% 

2.848.05 

0.84745 

0.83807 

0.82870 

0.81933 

0.80996 

100% 

4,272.08 

0  84745 

0.83807 

0.82870 

0.81933 

0.80996 
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